(19) 



(12) 



Europalsches Patentamt 
European Patent Office 
Office europeen des brevets (11) 

EUROPEAN PATENT APPLICATION 



EP 1 073 307 A2 



(43) 


Date of publication: 


(51) Int. CI. 7 : H04Q 11/00 




31.01.2001 Bulletin 2001/05 


(21) 


Application number: 00116439.1 




(22) 


Date of filing: 28.07.2000 




(84) 


Designated Contracting States: 


(72) Inventor: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Nakahira, Yoshihiro, 




MCNLPTSE 


Oki Electric Ind. Co., Ltd. 




Designated Extension States: 


Tokyo (JP) 




ALLTLVMKRO SI 








(74) Representative: Betten & Resch 


(30) 


Priority: 28.07.1999 JP 21318599 


Reichenbachstrasse 19 






80469 Munchen (DE) 


(71) 


Applicant: 




Okl Electric Industry Co., Ltd. 






Tokyo (JP) 





CM 
< 

O 

CO 

CO 

o 



(54) Node control device, node device and optical path setting method 



(57) A method for setting a cut-through optical path 
in an optical network system (Fig. 3, Fig. 4, Fig. 6, Fig. 
8 and Fig. 9) is proposed. At first, a destination side 
edge node device (2R) which confirmed the transfer of 
a packet to a terminal accommodated by the present 
node device (2) or to an access system network notifies 
the open resource information of the present node 
device to a transmission side edge node device (2S). 
Then the transmission side edge node device deter- 
mines the optimum allocation of an optical path to be set 
on the transfer route based on the open resource infor- 
mation notified by the destination side edge node device 
and a core node device (2M1 , 2M2). Then, according to 
the allocation of the optical path determined in the pre- 
vious step, the transmission side edge node device, the 
core node device, and the destination side edge node 
device set the optical path which omits the packet trans- 
fer processing (layer 2 and layer 3 processing) in transit 
nodes. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a node con- 
trol device, node device and optical path setting method 
suitable for establishing an optical network system. 

Pescription of Related Art 

[0002] Fig. 1 shows an aspect of a conventional 
optical network system. As Fig. 1 shows, the optical net- 
work system comprises user terminals 110 connected 
to routers (or a packet switching machine) 1 00 and opti- 
cal cross-connects or optical add-drop-multiplexer 
(OADM) 130 which are connected with the router 100 
and are inter-connected via inter-office optical fibers 
120. The optical cross-connect 1 30 is an device for exe- 
cuting the relay/insertion (add) /extraction (drop) of opti- 
cal signals and the setting connection of optical signals 
(that is, optical paths 140) between two node devices 
which are not necessarily adjacent to each other. 
[0003] Some of the optical cross-connects 1 30 do 
not use wavelength division multiplexing transmission 
technology, but they also handle optical paths which are 
optical signal connections given by OCDM or OTDM 
technology. The many optical cross-connects use a 
wavelength division multiplexing transmission technol- 
ogy where a plurality of optical signals are sent over one 
optical fiber, and these multiplexed signals are used as 
a resource for transmission so as to increase capacity. 
Actually, the optical cross-connects 130 in Fig. 1 can 
multiplex a plurality of optical signals having different 
wavelengths using wavelength multiplexers/demulti- 
plexers and optical spatial switches. An interface 150 is 
disposed between the router 100 or electronic switching 
machine (for example, SDH systems or ATM systems) 
and the optical cross-connect 130 shown in Fig. 1. For 
this interface 150, wavelength variable (or fix) type O/O 
(optical/optical) or E/O (Electric/Optical) conversion 
device and O/E (Optical/Electric) conversion device are 
used. 

[0004] Next a packet transmission aspect imple- 
mented on such an optical network system will be 
explained. At first, a packet sent from a user terminal 
1 1 0 is transmitted to the router 1 00 via the transmission 
path. The router 1 00 analyzes the header of this packet, 
and transfers the packet to an input interface 150 of the 
optical path (connection of optical signals) 140 which is 
set between routers (strictly speaking, an optical path is 
allocated between interfaces for routers in different 
nodes) where the destination terminal is connected to 
or an appropriate router for relaying. By repeating such 
an operation (packet relay by routers), the transfer tar- 
get packet reaches the router 100 accommodating the 
destination user terminal, and is transferred to the des- 



tination user terminal 1 1 0 via this router. 
[0005] The optical path 1 40 shown in Fig. 1 is set by 
the optical cross-connect (e.g. optical ADM (Add/Drop 
Multiplexer)) 130 and the optical fiber 120. The 

5 input/output interface 150 is disposed between the opti- 
cal cross-connect 130 and the packet switching 
machine (e.g. router, electronic switching machine) 100. 
[0006] Setting of the optical path 140 in the above 
mentioned optical network system, however, is semi- 

w fixed. So a method for dynamically setting this optical 
path 140 according to the traffic is under current study. 
[0007] It is accordingly the first object of the present 
invention to provide an optical path setting method for 
dynamically setting an optical path according to the traf- 

15 fic. 

[0008] It is a second object of the present invention 
to provide a node control device for such an optical path 
setting. 

[0009] It is the third object of the present invention 
20 to provide a node device having such a node control 
device. 

SUMMARY OF THE INVENTION 



25 [0010] 

(A) To achieve these objects, the first configuration 
example of the node control device of the present 
invention is a node control device which is disposed 
30 in each node device constituting an optical network 
system, and is used for controlling the packet trans- 
fer operation in each node device, comprising: 

(1) edge/core determination means for deter- 
35 mining whether a node device which the node 

control device is controlling (hereafter to be 
referred to as the present node device) is a 
transmission side edge node device, a core 
node device, or a destination side edge node 
40 device for the transfer packet to be processed; 

(2) cut-through request packet processing 
means which, when the present node device is 
the destination side edge node device, notifies 
the open resource information of the present 

45 node device to the upstream side of the trans- 

fer route as a cut-through request packet, and, 
when the present node device is the core node 
device, transfers the cut-through request 
packet after adding thereto the open resource 

so information of the present node device which is 

received from the downstream side of the 
transfer route or is individually generated; 

(3) optical path allocation request packet 
processing means for determining an optimum 

55 allocation of an optical path based on the open 

resource information of the cut-through request 
packet transferred to the transmission side 
edge node device, and notifying the allocation 
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to the target transmission side edge node 
device, core node device, and destination side 
edge node device respectively by an optical 
path allocation request packet, and 
(4) optical path switching control means for 5 
controlling an optical switch according to the 
allocation notified by the optical path allocation 
request packet, setting an optical path which 
omits the layer 2 and layer 3 processing, and 
notifying the completion thereof to the trans- w 
mission side edge node device by an optical 
path setting completion notice packet. 



core node device, and destination side edge 
node device respectively by an optical path 
allocation request packet; and 
(4) optical path switching control means for 
controlling an optical switch according to the 
allocation notified by the optical path allocation 
request packet, setting an optical path which 
omits the layer 2 and layer 3 processing, and 
notifying the completion thereof to the trans- 
mission side edge node device by an optical 
path setting completion notice packet. 



By the present invention, the optical path is set 15 
with the packet flow as a trigger, then packets go 
through the set optical path so that the device load 
on layer 2 and/or layer 3, such as a router of the 
core node device, can be decreased. 

With this configuration according to the present 20 
invention, an optimum optical path allocation can be 
determined by the transmission edge node device, 
so applying an excessive load on the destination 
side edge node device can be prevented. 
(B) The second configuration example of the node 25 
control device of the present invention is a node 
control device which is disposed in each node 
device constituting an optical network system, and 
is used for controlling the packet transfer operation 
in each node device, comprising: 30 



By the present invention, the optical path is set 
with the packet flow as a trigger, then packets go 
through the set optical path so that the device load 
on layer 2 and/or layer 3, such as a router of the 
core node device, can be decreased. 

With this configuration according to the present 
invention, an optimum optical path allocation can be 
determined by the destination side edge node 
device, which allows to prevent an excessive load 
from being applied on the transmission side edge 
node device. 

(C) The third configuration example of the node 
control device of the present invention is a node 
control device which is disposed in each node 
device constituting an optical network system, and 
is used for controlling the packet transfer operation 
in each node device, comprising: 



(1) edge/core determination means for deter- 
mining whether a node device which the node 
control device is controlling (hereafter to be 
referred to as the present node device) is a 35 
transmission side edge node device, a core 
node device, or a destination side edge node 
device for the transfer packet to be processed; 

(2) cut-through request packet processing 
means which, when the present node device is 40 
the transmission side edge node device, noti- 
fies the open resource information of the 
present node device to the downstream side of 
the transfer route as a cut-through request 
packet, and, when the present node device is 45 
the core node device, transfers cut-through 
request packet after adding thereto the open 
resource information of the present node 
device which is received from the upstream 
side of the transfer route or is individually gen- so 
e rated; 

(3) optical path allocation request packet 
processing means for determining an optimum 
allocation of the optical path based on the open 
resource information of the cut-through request 55 
packet transferred to the destination side edge 
node device, and notifying the allocation to the 
target transmission side edge node device, 



(1) edge/core determination means for deter- 
mining whether a node device which the node 
control device is controlling (hereafter to be 
referred to as the present node device) is a 
transmission side edge node device, a core 
node device, or a destination side edge node 
device for the transfer packet to be processed; 

(2) cut-through setting packet processing 
means which, when the present node device is 
the destination side edge node device, notifies 
the open resource information of the present 
node device to the upstream side of the trans- 
fer route as a cut through setting packet, and, 
when the present node device is the core node 
device, determines whether cut through by the 
open resource indicated in the cut-through set- 
ting packet received from the downstream side 
of the transfer route is possible, and if possible, 
transfers the received cut-through setting 
packet to the upstream side of the transfer 
route after adding the information to the cut- 
through setting packet, and if impossible, trans- 
fers the received cut-through setting packet to 
the upstream side of the transfer route after 
adding thereto the cut-through information 
which has been set thus far and the open 
resource information of the present node 
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device; and 

(3) optical path switching control means which, 
when the cut-through setting packet process- 
ing means determines that cut through is pos- 
sible, controls an optical switch so as to set an 5 
optical path to the resource for which it was 
determined that cut through is possible. 



With this configuration according to the present 10 
invention, the possibility of setting of a cut-through 
optical path is autonomously determined during the 
process for transferring the open resource informa- 
tion of each node device from the destination side 
edge node device to the transmission side edge is 
node device, and the optical path is set when set- 
ting is possible, so the required time until setting 
can be decreased. 

(D) The fourth configuration example of the node 
control device of the present invention is a node 20 
control device which is disposed in each node 
device constituting an optical network system, and 
is used for controlling the packet transfer operation 
in each node device, comprising: 

25 

(1) edge/core determination means for deter- 
mining whether a node device which the node 
control device is controlling (hereafter to be 
referred to as the present node device) is a 
transmission side edge node device, a core 30 
node device, or a destination side edge node 
device for the transfer packet to be processed; 

(2) cut-through setting packet processing 
means which, when the present node device is 

the transmission side edge node device, noti- 35 
fies the open resource information of the 
present node device to the downstream side of 
the transfer route as a cut-through setting 
packet, and, when the present node device is 
the core node device, determines whether cut 40 
through by the open resource indicated in the 
cut-through setting packet received from the 
downstream side of the transfer route is possi- 
ble, and if possible, transfers the received cut- 
through setting packet to the downstream side 45 
of the transfer routeafter adding the information 
to the cut- through setting packet, and if impos- 
sible, transfers the received cut-through setting 
packet to the downstream side of the transfer 
route after adding thereto the cut-through infor- so 
mation which has been set thus far and the 
open resource information of the present node 
device; and 

(3) optical path switching control means which, 
when the cut-through setting packet process- 55 
ing means determines that cut through is pos- 
sible, controls an optical switch so as to set the 
optical path to the resource for which it was 



determined that cut through is possible. 



With this configuration according to the present 
invention, the possibility of setting a cut-through 
optical path is autonomously determined during the 
process for transferring the open resource informa- 
tion of each node device from the transmission side 
edge node device to the destination side edge node 
device, and the optical path is set when setting is 
possible, so the required time until setting can be 
decreased. 

(E) According to the fifth configuration example of 
the node control device, it is preferable that each of 
the first to fourth configuration examples of the 
present invention further comprises forced releas- 
ing means for forcibly releasing the optical path 
when a predetermined time has elapsed since set- 
ting of the optical path, or when a decrease in the 
number of communication packets is confirmed at 
the node device positioned at both ends of the opti- 
cal path. This function allows prevent an unneces- 
sary waste of resources. 

(F) According to the sixth configuration example of 
the node control device, it is preferable that each of 
the first to fifth configuration examples of the 
present invention further comprises cut-through 
optical path necessary/unnecessary determination 
means for determining the necessity of cut through 
before transmitting the cut-through request packet 
or transmitting the cut-through setting packet, so 
that the cut-through optical path is selectively set 
only when determined as necessary. This function 
allows to prevent the setting of the cut-through opti- 
cal path for a small volume of packets, so as not to 
waste resources. 

(G) According to the seventh configuration example 
of the node control device, it is preferable that each 
of the first to sixth configuration examples of the 
present invention further comprises information 
channel insuring means for determining whether 
the information channel is continuously insured 
after setting the cut-through optical path between 
the node devices on the route where the cut- 
through optical path is set before transmitting the 
cut-through request packet or transmitting the cut- 
through setting packet, and setting the cut-through 
optical path only when the information channel is 
insured. 

With this configuration according to the present 
invention, the cut-through optical path is set only 
when the information channel is insured, so a state 
where information cannot be forwarded between 
the node devices on the optical path route after set- 
ting the cut-through optical path can be absolutely 
prevented. 

(H) According to the first configuration example of 
the node device of the present invention, a node 
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device comprises: 

(1) a router for determining the output destina- 
tion of a transfer packet which is input accord- 
ing to the header information of the layer 3; s 

(2) an optical cross-connect for extracting 
(dropping) optical signals from an optical fiber 
or inserting (adding) optical signals into an opti- 
cal fiber, or relaying optical signals between 
arbitrary input/output optical fibers for optical 10 
path setting; and 

(3) anode control device according to one of 
the above mentioned first to seventh configura- 
tion examples for switching a connected pair of 
each input port and output port inside the opti- 75 
cal cross-connect according to the instructions 

of the received transfer packet or based on self 
judgment. 



By using such a configuration of the node 
device, the node device of the present invention can 
implement such effects as optimizing the cut- 
through optical path, decreasing the cut-through 
optical path setting time, effective use of resources 25 
and insuring the information channel. 
(I) According to the second configuration example 
of the node device of the present invention, it is 
preferable that the first configuration example of the 
node device further comprises a switch which con- 30 
nects a destination -based buffer to some of the out- 
puts from the router to the optical cross-connect, 
and can connect a packet read from the destina- 
tion-based buffer to an arbitrary input port of the 
optical cross-connect. This configuration allows to 35 
improve band-width efficiency using the cut- 
through optical path. 

(J) According to the third configuration example of 
the node device of the present invention, it is prefer- 
able that the above mentioned second configura- 40 
tion example of the node device further comprises 
allowable delay recognition function means at the 
router for determining the allowable delay of a 
transfer packet, so that only packets with a large 
allowable delay are allowed to be output to the des- 45 
tination-based buffer and packets with a small 
allowable delay are directly output to the optical 
cross-connect. This configuration allows to avoid a 
state where a packet with a small allowable delay 
time, such as a real-time type packet, is stored in 50 
the destination -based buffer, and the deterioration 
of communication quality can be effectively pre- 
vented. 

(K) According to the fourth configuration example of 
the node device of the present invention, a node 55 
device comprises: 

(1 ) a router for determining the output destina- 



tion of a transfer packet which is input accord- 
ing to the header information of the layer 3 (=IP 
layer); 

(2) an optical cross-connect for extracting 
(dropping) optical signals from an optical fiber, 
or inserting (adding) optical signals into an opti- 
cal fiber, or relaying optical signals between 
arbitrary input/output optical fibers for optical 
path setting; 

(3) a node control device according to one of 
the above mentioned first to sixth configuration 
examples for switching a connected pair of 
each input port and output port inside the opti- 
cal cross-connect according to instructions of 
the received transfer packet or based on self 
judgment; and 

(4) optical path extraction/insertion (drop/add) 
means for the information channel for extract- 
ing (dropping) optical signals (destination side 
optical path termination) with a fixed-wave- 
length insured for the information channel from 
the optical fiber, or for inserting (adding) the 
optical signals (source side optical path termi- 
nation) with a fixed wavelength into the optical 
fiber, so as to enable communication of infor- 
mation signals with another node device. 



By using such a configuration for the node 
device, the node device of the present invention can 
not only implement such effects as optimizing the 
cut-through optical path, decreasing the cut- 
through optical path setting time and effective use 
of resources, but also insure the information chan- 
nel. 

(L) According to the fifth configuration example of 
the node device of the present invention, a node 
device comprises: 

(1) a router for determining the output destina- 
tion of a transfer packet which is input accord- 
ing to the header information of the higher layer 
(= IP layer); 

(2) an optical cross-connect for extracting 
(dropping) optical signals from an optical fiber, 
or inserting (adding) optical signals into an opti- 
cal fiber, or relaying optical signals between 
arbitrary input/output optical fibers for optical 
path setting; 

(3) anode control device according to one of 
the above mentioned first to sixth configuration 
examples for switching a connected pair of 
each input port and output port inside the opti- 
cal cross-connect according to the instructions 
of the received transfer packet or based on self 
judgment; and 

(4) pilot tone signal transmission means for the 
information channel for overlaying pilot tone 
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signals for the information channel on the opti- 
cal path for user data or separating pilot tone 
signals for the information channel from the 
optical path for user data so as to enable com- 
munication of information signals with another 5 
node device. 



By using such a configuration for the node 
device, the node device of the present invention can 10 
not only implement such effects as optimizing the 
cut-through optical path, decreasing the cut- 
through optical path setting time, and effective use 
of resources, but also insure the information chan- 
nel. 15 
(M) According to the sixth configuration example of 
the node device of the present invention, it is prefer- 
able that, in the above mentioned fifth configuration 
example of the node device, the pilot tone signals 
for the information channel are transmitted by a 20 
time division multiplex system, so that the potential 
collision of pilot tones can be eliminated. 
(N) According to the optical network system of the 
present invention, an optical network system is con- 
stituted by providing a plurality of node device 25 
according to one of the above mentioned first to 
sixth configuration examples of the node device, so 
that the optical network system can implement such 
effects as optimizing the cut-through optical path, 
decreasing the cut-through optical path setting 30 
time, effective use of resources, and insuring the 
information channel. 

(O) According to the first configuration example of 
the optical path setting method of the present 
invention, an optical path setting method in an opti- 35 
cal network system comprises: 



This can provide an optical path setting method 
which can prevent applying an excessive load on 
the destination side edge node device. 
(P) According to the second configuration example 
of the optical path setting method of the present 
invention, an optical path setting method in an opti- 
cal network system comprises: 

(1 ) a step where a transmission side edge node 
device which confirmed the transfer of a packet 
to a destination notifies the open resource 
information of the present node device to a 
destination side edge node device; 

(2) a step where the destination side edge 
node device determines the optimum allocation 
of the optical path to be set on the transfer 
route based on the open resource information 
notified by the transmission side edge node 
device and the core node device; and 

(3) a step where the transmission side edge 
node device, the core node device and the des- 
tination side edge node device set the optical 
path which omits the packet transfer process- 
ing (layer 2 and layer 3 processing) in transit 
nodes for the optical path determined in the 
previous step. 



This can provide an optical path setting method 
which can prevent applying an excessive load on 
the transmission side edge node device. 
(Q) According to the third configuration example of 
the optical path setting method of the present 
invention, an optical path setting method in an opti- 
cal network system comprises: 



(1) a step where a destination side edge node 
device which confirmed the transfer of a packet 

to a terminal accommodated by the present 40 
node device or an access system network noti- 
fies the open resource information of the 
present node device to a transmission side 
edge node device; 

(2) a step where the transmission side edge 45 
node device determines an optimum allocation 

of an optical path to be set on the transfer route 
based on the open resource information noti- 
fied by the destination side edge node device 
and the core node device; and so 

(3) a step where the transmission side edge 
node device, the core node device and the des- 
tination side edge node device set the optical 
path which omits the packet transfer process- 
ing (layer 2 and layer 3 processing) in transit 55 
nodes for the optical path determined in the 
previous step. 



(1) a step where a destination side edge node 
device which confirmed the transfer of a packet 
to a terminal accommodated by the present 
node device or to the access system network 
transmits the open resource information of the 
present node device to a transmission side 
edge node device which is at the upstream 
side; and 

(2) a step where the core node device and a 
transmission side edge node device, to which 
the open resource information is transferred, 
determine respectively whether the setting of a 
cut-through optical path is possible based on 
the open resource information received from 
the downstream side of the present node 
device, and if possible, the core node device 
and the transmission side edge node device 
set a cut-through optical packet using the 
resource which was determined as possible, 
and notify the information to the upstream side, 
and if impossible, the core node device and the 
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transmission side edge node device add the 
cut-through information which has been set 
thus far and the open resource information of 
the present node device to the received open 
resource information, and transfer it to the 5 
upstream side. 



With this configuration according to the present 
invention, the possibility of setting a cut-through 10 
optical path can be autonomously determined dur- 
ing the process where the open resource informa- 
tion of each node device is transferred from the 
destination side edge node device to the transmis- 
sion side edge node device, and the optical path is 15 
set if setting is possible, so the required time until 
setting can be decreased. 
(R) According to the fourth configuration example of 
the optical path setting method of the present 
invention, an optical path setting method in an opti- 20 
cal network system comprises: 

(1 ) a step where a transmission side edge node 
device which confirmed the transfer of a packet 

to a destination transmits the open resource 25 
information of the present node device to a 
transmission side edge node device which is at 
the downstream side; and 

(2) a step where a core node device and the 
destination side edge node device to which the 30 
open resource information is transferred deter- 
mine respectively whether the setting of a cut- 
through optical path is possible based on the 
open resource information received from the 
upstream side of the present node device, and 35 
if possible, the core node device and the desti- 
nation side edge node device set the cut- 
through optical packet using the resource 
which was determined as possible, and notify 

the information to the downstream side, and if 40 
impossible, the core node device and the desti- 
nation side edge node device add the cut- 
through information which has been set thus 
far and the open resource information of the 
present node device to the received open 45 
resource information, and transfer it to the 
downstream side. 

With this configuration according to the present so 
invention, the possibility of setting a cut-through 
optical path can be autonomously judged during 
the process where the open resource information of 
each node device is transferred from the transmis- 
sion side edge node device to the destination side 55 
edge node device, and the optical path is set if set- 
ting is possible, therefore the required time until set- 
ting can be decreased. 



(S) According to the fifth configuration example of 
the optical path setting method of the present 
invention, it is preferable that, in the optical path set- 
ting method according to the above mentioned first 
to fourth configuration examples, the optical path is 
forcibly released when a predetermined time has 
elapsed since the setting of the optical path or when 
a decrease in the number of communication pack- 
ets is confirmed at the node device positioned at 
both ends of the optical path. 
(T) According to the sixth configuration example of 
the optical path setting method of the present 
invention, it is preferable that, in the optical path set- 
ting method according to the first to fifth configura- 
tion examples, the necessity of cut through is 
determined before setting the cut-through optical 
path, and the setting processing is continued only 
when the necessity is determined. This function 
allows to prevent setting the cut-through optical 
path for transmitting just a small volume of packets 
for example, so resources are not wasted. 
(U) According to the seventh configuration example 
of the optical path setting method of the present 
invention, it is preferable that, in the optical path set- 
ting method according to the above mentioned first 
to sixth configuration examples, it is determined 
whether the information channel is continuously 
insured after setting the cut-through optical path 
between the node devices on the route where the 
cut-through optical path is set before setting the 
cut-through optical path, and the cut-through optical 
path is set only when the information channel is 
insured. In this way, according to the present inven- 
tion, the cut-through optical path is set only when 
the information channel is insured, and thereby a 
state where information cannot be forwarded 
between the node devices on the cut-through opti- 
cal path route after setting the cut-through path can 
be absolutely prevented. 

(V) According to the eighth configuration example 
of the optical path setting method of the present 
invention, it is preferable that, in the optical path set- 
ting method according to the above mentioned first 
to seventh configuration examples, a packet read 
from the destination-based buffer is transmitted to 
the cut-through optical path after setting. Thereby, 
band-width efficiency using the cut-through optical 
path can be improved. 

(W) According to the ninth configuration example of 
the optical path setting method of the present 
invention, it is preferable that, in the above men- 
tioned optical path setting method, only packets 
with a large allowable delay are stored in the desti- 
nation-based buffer. This allows to prevent a state 
where a packet with a small allowable delay time, 
such as a real-time type packet, is erroneously 
stored in the destination -based buffer, and the dete- 
rioration of communication quality can be effectively 
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prevented. 

(X) According to the tenth configuration example of 
the optical path setting method of the present 
invention, it is preferable that, in the optical path set- 
ting method according to the above mentioned first 
to sixth configuration examples and the eighth and 
ninth configuration examples, the information com- 
munication between the node devices, where the 
cut-through optical path is set, is implemented 
using optical signals with a fixed wavelength 
insured for the information channel after the cut- 
through optical path is set. This allows to always 
insure the information channel after the cut-through 
optical path is set. 

(Y) According to the eleventh configuration exam- 
ple of the optical path setting method of the present 
invention, it is preferable that, in the optical path set- 
ting method according to the above mentioned first 
to sixth configuration examples and the eighth to 
tenth configuration examples of the above men- 
tioned optical path setting method, the pilot tone 
signal for the information channel is overlaid on the 
optical path for user data to implement information 
communication between the node devices, where 
the cut-through optical path is set, after the cut- 
through optical path is set. This also allows to 
always insure the information channel after the cut- 
through optical path is set. 
(Z) According to the twelfth configuration example 
of the optical path setting method of the present 
invention, it is preferable that, in the optical path set- 
ting method according to the above mentioned 
eleventh configuration example, the pilot tone sig- 
nals for the information channel are transmitted in 
the time division multiplex system. This allows to 
eliminate the potential collision of pilot tones. 

[0011] With the above mentioned configuration 
examples, each node device has an optical cross-con- 
nect as one composing element. However, each node 
device may use ADM (Add/Drop Multiplexer) having a 
switching function to switch the Add/Drop state/relay 
state instead of using the optical cross-connect. 
[001 2] According to a preferable example of an opti- 
cal network system of the present invention, the system 
comprises a plurality of edge node devices which are 
designed as dedicated for respective edge nodes and 
one or more core node devices which are connected 
between said plurality of edge node devices via a trans- 
fer route and are designed as dedicated for respective 
core nodes. The edge node device is connected only 
between an external terminal, etc. and the core node 
device. The core node device is connected only with 
both or one of said edge node device and another core 
node device, and has core node input/output ports for 
forwarding a transfer packet with the other core node 
device but does not have input/output ports for forward- 
ing a transfer packet with an external terminal. 



[0013] With this configuration according to the 
present invention, it is preferable, in terms of construc- 
tion cost, to provide an optical network system by pro- 
viding a node device where the edge node device and 
5 core node device are designated as dedicated for the 
respective edge node and core node. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0014] The foregoing and other objects, features 
and advantages of the present invention will be better 
understood from the following description taken in con- 
nection with accompanying drawings, in which: 

15 Fig. 1 is a drawing depicting a prior art of an optical 
network system; 

Fig. 2 is a functional block diagram depicting a first 
embodiment of the node device in accordance with 
the present invention; 
20 Fig. 3 is a drawing depicting an embodiment of the 
optical network system in accordance with the 
present invention; 

Fig. 4 is a drawing depicting a transfer path of pack- 
ets in accordance with the present invention (first 
25 embodiment); 

Fig. 5 is a functional block diagram depicting a sec- 
ond embodiment of the node device in accordance 
with the present invention; 

Fig. 6 is a drawing depicting a transfer path of pack- 
30 ets in accordance with the present invention (sec- 
ond embodiment); 

Fig. 7 is a functional block diagram depicting a third 
embodiment of the node device in accordance with 
the present invention; 
35 Fig. 8 is a drawing depicting a transfer path of pack- 
ets in accordance with the present invention (third 
embodiment); 

Fig. 9 is a drawing depicting another example of a 
transfer path of packets in accordance with the 

40 present invention (third embodiment); 

Fig. 10 is a functional block diagram depicting a 
fourth embodiment of the node device in accord- 
ance with the present invention; 
Fig. 1 1 is a functional block diagram depicting a fifth 

45 embodiment of the node device in accordance with 
the present invention; 

Fig. 12 is a functional block diagram depicting a 
sixth embodiment of the node device in accordance 
with the present invention; 

so Fig. 13 is a functional block diagram depicting a 
seventh embodiment of the node device in accord- 
ance with the present invention; 
Fig. 14 is a functional block diagram depicting an 
eighth embodiment of the node device in accord- 

55 ance with the present invention; 

Fig. 15 is a functional block diagram depicting a 
ninth embodiment of the node device in accordance 
with the present invention; 
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Fig. 16 is a functional block diagram depicting a 
tenth embodiment of the node device in accord- 
ance with the present invention; 
Fig. 17 is a drawing depicting an example of over- 
laying pilot tone signals in accordance with the 5 
tenth embodiment of the present invention; 
Fig. 18 is a drawing depicting an example of a net 
where an optical network system is comprised of 
dedicated node devices; 

Fig. 1 9 shows a configuration example of an edge w 
node device dedicated to an edge; and 
Fig. 20 shows a configuration example of another 
edge node device dedicated to an edge. 

DESCRIPTION OF TH5 PREFER RED EMBODI- is 
MENTS 

(A) Configuration of Optical Network System 

[0015] Fig. 3 shows an embodiment of the optical 20 
network system in accordance with the present inven- 
tion. As Fig. 3 shows, this optical network system com- 
prises node device 2 to which one or more terminals 1 
are connected, and optical fibers 3 which inter-connect 
these node device 2. Although Fig. 3 shows the case 25 
when the optical network is created in a net configura- 
tion, the optical network can also be created in a loop or 
other configuration. 

[0016] In this optical network system, the node 
device in accordance with embodiments to be dis- 30 
cussed later are used for the node device 2. In other 
words, the node device 2 comprises three functional 
parts: a router 2A, a node control function part 2B for 
controlling the operation of the node device in general, 
and an optical cross-connect 2C, 35 
[0017] The optical cross-connect may include a 
wavelength converter and ADM (Add/Drop Multiplexer) 
having a switching function to switch the Add/Drop 
state/relay state may be used instead of the optical 
cross-connect. This means of implementing the optical 40 
switch is not restricted by a switch using the Opt-Electric 
effect, but a mechanical optical switch or a pseudo-opti- 
cal switch having the same interface function, such as 
switching light to electricity by an electrical switch then 
converting it to light again, may be used. 45 
[001 8] These three functional parts need not be dis- 
posed in a single housing, but may be disposed in sep- 
arate housings respectively. In the following description, 
an device which implements the optical path setting 
function, which is implemented by linking these three 50 
functional parts, is called the "node device". 
[001 9] In the following description, when it is neces- 
sary to distinguish the node device having a configura- 
tion unique to the present invention from an ordinary 
node device which is generally used, the node device ss 
having the configuration unique to the present invention 
is called the "IP (Internet Protocol)/optical multi-layer 
switch node device". 



[0020] Now various embodiments will be described 
in sequence, taking an example in which the node 
device, node control device and the optical path setting 
method in accordance with the present invention are 
implemented as an IP/optical multi-layer switch node. 

(B) First Embodiment 

(B-1) Functional Configuration 

[0021] Fig. 2 shows a functional configuration of the 
node device in accordance with the first embodiment. 
As Fig. 2 shows, or as the above description explains, 
the node device 2 comprises a router 2A, a node control 
function part 2B and an optical cross-connect 2C which 
is called as an optical XC. The node control function 
part is also referred to as node control device. 
[0022] The router 2A has a function to read the 
header part from the packet signal which was input, and 
determines the output destination according to the des- 
tination described in this header part. The destination 
here is not only another node device or a terminal or 
access system network connected to the concerned 
node device (hereafter this may be referred to as 
"present node device"), but may be the present node 
device itself. The router 2 A also has a function to notify 
the information on the transferred packet to the node 
control function part 2B. 

[0023] The node control function part 2B has a 
function to switch the directions of the optical cross-con- 
nect 2C autonomously by the determination of itself or 
based on the instructions of the received packet. This 
node control function part 2B constitutes the major part 
of the node device in accordance with the present 
invention. 

[0024] The optical cross-connect 2C has a function 
to channel optical signals input from another node 
device to an arbitrary output optical fiber by inserting 
(adding) the optical signals into the optical fiber net (i.e. 
source side optical path termination) or extracting (drop- 
ping) the optical signals from the optical fiber net (i.e. 
destination side optical path termination), so as to set 
an optical path between two node device which are 
physically not necessarily adjacent to each other. 

(B-2) Configuration of Node Control Function Part 2B 

[0025] The node control function part 2B in accord- 
ance with this embodiment comprises the following five 
functional parts. 

(a) Edge/core determination part 2B1 

(b) Cut-through request packet processing part 2B2 

(c) Optical path allocation request packet process- 
ing part 2B3 

(d) Optical path switching control part 2B4 

(e) Router control part 2B5 
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(B-2-1) Edge/Core Determination Part 2B1 

[0026] The edge/core determination part 2B1 is a 
function part for each node device to determine its posi- 
tion in the optical network system. The edge/core deter- s 
mination part 2B1 specifically determines whether the 
concerned node device, that is, the present node device 
is a transmission side edge node device, a core node 
device, or a destination side edge node device. This dis- 
tinction is determined by the relationship between the 
present node device, that is, the IP/optical multi-layer 
switch node device, and a packet to be input to this node 
device. In the present invention, when the present node 
device is the IP/optical multi-layer switch node device, 
the transmission side edge node device, core node 
device and destination side edge node device are 
defined as follows. 

Transmission Side Edge Node Device: 

[0027] If a transfer packet is input to the present 
node device and the input origination node device of the 
packet is not IP/optical multi-layer switch node device of 
the present invention, then the present node device is 
the transmission side edge node device for the packet. 
[0028] However, if a previous node device, to which 
a packet is input, of a node device is an IP/optical multi- 
layer switch, the management or operation thereof is 
executed by another network, and the optical path is 
always set with the present node device as the start 
point, then the present node device is the destination 
side edge node device. 

Core Node Device: 

[0029] If a transfer packet is input to the present 
node device and both the input origination node device 
of the packet and the destination node device to which 
the packet is transferred next are the IP/optical multi- 
layer switch node device of the present invention, then 
the present node device is the core node device for the 
packet. 

Destination Side Edge Node Device: 

[0030] If a transfer packet is input to the present 
node device and the destination node device to which 
the packet is transferred next is not the IP/optical multi- 
layer switch node device, then the present node device 
is the destination side edge node device for the packet. 
[0031] However, it the next node device, to which 
the packet is transferred, of a node device is an IP/opti- 
cal multi-layer switch, the management or operation 
thereof is executed by another network, and the optical 
path is always terminated by the present node device, 
then the present node device is the destination side 
edge node device. 

[0032] In this way, the relationship between the 



present node device and the packet to be input thereto 
determines whether the IP/optical multi-layer switch 
node device of the present invention is the transmission 
side edge node device, core node device or destination 
side edge node device. Therefore, it is possible that an 
IP/optical multi-layer switch node device is defined as 
the transmission side edge node device based on the 
relationship with a packet, and is also defined as the 
core node device based on the relationship with another 
packet. 

[0033] The edge/core determination part 2B1 deter- 
mines which node device is the concerned node device, 
that is, the present node device, based on the above cri- 
terion. 

(B-2-2) Cut-through Request Packet Processing Part 
2B2 

[0034] The cut-through request packet processing 
part 2B2 is a functional part for collecting optical path 
resource and trafic information required for setting a cut- 
through optical path. This functional part operates as 
follows according to the determination result of the 
above mentioned edge/core determination part 2B1 . 
[0035] If the present node device is determined as 
the destination side edge node device, then the cut- 
through request packet processing part 2B2 notifies the 
existence of the packet which passed through the 
present node device and the open resource and traffic 
information (e.g. wavelength) of the present node 
device as a cut-through request packet, to the node 
device which is positioned next to the present node 
device at the upstream side (transmission origination 
side). 

[0036] If reception of the cut-through request 
packet is confirmed and the present node device is 
determined as the core node device for this packet by 
the edge/core determination part 2B1, then the cut- 
through request packet processing part 2B2 adds the 
open resource information of the present node device to 
the received cut-through request packet and transfers 
the packet to the node device at the upstream side. 

(B-2-3) Optical Path Allocation Request Packet 
Processing Part 2B3 

[0037] The optical path allocation request packet 
processing part 2B3 is a functional part for determining 
the allocation of a cut-through optical path based on the 
collected open resource information and requesting the 
setting of the cut-through optical path based on this allo- 
cation. This functional part operates as follows accord- 
ing to the determination result of the above mentioned 
edge/core determination part 2B1 . 
[0038] When the reception of a cut-through request 
packet is confirmed and the edge/core determination 
part 2B1 determines that the present node device is the 
transmission side edge node device for this packet, the 
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optical path allocation request packet processing part 
2B3 calculates the optimum allocation of the optical 
path based on the open resource information and other 
data like traffic information included in the packet. Or the 
processing part 2B3 determines the optimum allocation 
of the optical path based on the lock-up table, instead of 
the above calculation. The processing part 2B3 notifies 
the cut-through optical path setting request based on 
the result to the present node device, the core node 
device and the destination side edge node device. An 
optical path allocation request packet is used for this 
notification. 

[0039] The above mentioned "cut-through request 
packet" and the "optical path allocation request packet" 
may be collectively called the "optical path control 
packet". 

(B-2-4) Optical Path Switching Control Part 2B4 

[0040] The optical path switching control part 2B4 is 
a functional part for the node device 2 to actually set the 
cut-through optical path according to the instructions of 
the received optical path allocation request packet. 
[0041] When the reception of the optical path allo- 
cation request packet is confirmed, the optical path 
switching control part 2B4 controls the optical cross- 
connect 2C according to the instructions of this packet, 
and sets the cut-through optical path in the present 
node device. When the setting of the cut-through optical 
path completes, the optical path switching control part 
2B4 transmits the optical path setting completion notice 
packet and notifies the completion to the transmission 
side edge node device. 

(B-2-5) Router Control Part 2B5 

[0042] The router control part 2B5 is a functional 
part for notifying completion of the setting of the cut- 
through optical path to the router 2A, and instructing the 
router 2A to transfer a series of packets via the cut- 
through optical path from there on. 
[0043] The router control part 2B5 can release the 
newly set cut-through optical path when a predeter- 
mined time has elapsed since the initial setting, or when 
an event occurs, such as a decrease in the number of 
communication packets (from the threshold) at the node 
device positioned at both ends of the cut-through optical 
path. Release here may be a physical release or may be 
a logical release, where the setting status remains but 
the path is regarded as an available resource so that the 
setting is changed when a new optical path setting is 
requested. 

[0044] The decrease in the number of communica- 
tion packets at the node device positioned at both ends 
of the cut-through path is notified via a dedicated com- 
munication line (optical path or electric wire) disposed 
between the node devices or via several hops of other 
optical paths displaced between the node devices. 



(B-3) Optical Path Setting Operation 

[0045] Next the optical path setting operation by the 
node device (node control device, optical path setting 

5 method) having the above mentioned functional config- 
uration will be described. Fig. 4 shows a setting of an 
optical path for cut-through in an optical network. In Fig. 
4, only an outline of the node device 2 is shown. Also in 
Fig. 4, the left end is the upstream side of the path route 

10 and the right end is the downstream side of the path 
route. In other words, the node device 2S at the left end 
operates as the transmission side edge node device, 
the node device 2R at the right end operates as the des- 
tination side edge node device, and the two node device 

15 2M1 and 2M2 disposed between these operate as the 
core node device. 

(1 ) Transfer of User Packet 

20 [0046] In the first step shown in Fig. 4 (A), the first 
user packet for a destination arrives from a terminal (or 
a net in an access system) to a node device 2S (trans- 
mission side edge node device at the left in Fig. 4) 
accommodating the destination. 

25 [0047] At this time, the node device 2S (that is, the 
transmission side edge node device) transfers the 
packet to the next transfer destination, that is, the node 
device 2M1, according to the optical path and routing 
table currently set at the router 2A of the node device 

30 2S. 

[0048] The node device 2M1, to which the first 
packet was transferred, transfers the packet to the node 
device 2M2 which is the next transfer destination in the 
same way, as long as the node device 2M1 is not the 

35 destination side edge node device. The first packet is 
eventually transferred to the node device 2R, (that is, 
the destination side edge node device) accommodating 
the destination terminal (or net of an access system), 
and is transferred to the destination via the router 2A of 

40 the node device 2R. 

[0049] In the above transfer operation, transfer is 
executed by the routing function of the router 2A without 
intervention of the node control function part 2B. The 
flow of the packet shown by the arrow marks in Fig. 4 

45 (A) shows this transfer operation. 

(2) Transfer of Cut-through Request Packet 

[0050] The next step is started by the destination 
so side edge node device 2R. The router 2A of each node 
device 2 (2S, 2M1 , 2M2, 2R) has a function to transfer 
the packet to the node control function part 2B, as well 
as transferring the packet to the next transfer destina- 
tion, when the destination of the user packet is the ter- 
55 minal (or net of an access system) of the concerned 
node device, that is, the present node device. (This 
function is shown by an arrow mark (broken line) in Fig. 
4 (A), for example.) 
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[0051] When the node control function part 2B of 
the node device 2R receives the user packet, the node 
control function part 2B confirms that the node device 
which the node control function part 2B belongs to is the 
destination edge node device using the edge/core 
determination part. Then this function part 2B starts up 
the cut-through request packet processing part 2B2, 
and transmits the open resource information (e.g. wave- 
length) to the upstream side as a cut-through request 
packet (Fig. 4 (B)). 

[0052] The cut-through request packet transferred 
to the node device (core node device) 2M2 at the 
upstream side is routed by the router 2A of the core 
node device 2M2, and is sent to the node control func- 
tion part 2B. The node control function part 2B of the 
core node device 2M2, as well, confirms the position of 
the present device, that is, the core node device 2M2, 
using the edge/core determination part 2B, just like the 
case of the node control function part 2B of the destina- 
tion side edge node device. Then this function part 2B 
starts up the cut-through request packet processing 
part 2B2, and adds the open resource information (e.g. 
wavelength) of the present node device itself to the cut- 
through request packet and transfers the packet. This 
operation is executed repeatedly. 

(3) Transfer of Optical Path Allocation Request Packet 

[0053] The cut-through request packet eventually 
reaches the transmission side edge node device 2S. 
This node device 2S receives the cut-through request 
packet, then confirms that the present node device is 
the transmission side edge node device 2S. After this 
confirmation, the node device 2S starts up the optical 
path allocation request packet processing part 2B3 of 
the present node device 2S. By this startup, this 
processing part 2B3 calculates the optimum allocation 
of the optical path based on the information written in 
the cut-through request packet (e.g. node information 
on current set route and open resource information). 
[0054] When the optimum allocation of the optical 
path is determined, the optical path allocation request 
packet processing part 2B3 transmits the optical path 
allocation request packet to each node device 2S, 2M1 , 
2M2 and 2R on the route, including the present node 
device 2S, and notifies the calculation result. This 
packet is transferred sequentially to the downstream 
side, as shown in Fig. 4 (C). 

[0055] When the present node device is included in 
one of the destinations of transfer of the optical path 
allocation request packet, the packet is loaded to the 
node control function part 2B in the present node device 
(core node device), and the optical path allocation 
request packet processing part 2B3 is started up. And 
the optical path allocation request packet processing 
part 2B3 confirms the allocation to set the cut-through 
optical path. 



(4) Transfer of Optical Path Setting Completion Notice 
Packet 

[0056] In each node device, after the optical path 

5 allocation request packet processing part 2B3 confirms 
the allocation of the optical path, the optical path switch- 
ing control part 2B4 executes the actual switching of the 
optical cross-connect 2C. In other words, an optical 
path, which omits the router 2 A (communication path for 

10 user packets which does not go through the router 2A), 
is set for the optical cross-connect 2C. 
[0057] Completion of the optical path setting is noti- 
fied to the transmission side edge node device 2S. This 
notification is performed by core node devices 2M1 and 

15 2M2 adding information on completion of the optical 
path setting at the respective node devices to the optical 
path setting completion notice packet transmitted from 
the destination side edge node device 2R, and transfer- 
ring the packet with this added information to the trans- 

20 mission side edge node as shown in Fig. 4 (D). 

(5) Transfer of User Packet 

[0058] After this, completion of the setting of the 

25 cut-through optical path is notified to the router 2A by 
the router control part 2B5 of the node function part 2B, 
and hereafter, use of the cut-through optical path is 
commanded for the series of transfers of packets. 
[0059] Fig. 4 (E) shows the status after the cut- 

30 through optical path is allocated. As Fig. 4 (E) shows, 
the optical path 4, which does not go through the router 
2A, is set at the part of the core node device 2M1 and 
2M2. Hereafter, a user packet is transferred via this cut- 
through optical path 4. 

35 [0060] In the above mentioned embodiment, the 
node control function part 2B of the transmission side 
edge node device 2S calculates the optimum allocation 
of the optical path such that the number of relay hops by 
the router 2A on the route from the transmission side 

40 edge node device 2S to the destination side edge node 
device 2R becomes a minimum. In other words, the 
node control function part 2B calculates the allocation of 
the optical path so as to be relayed in the optical cross- 
connect 2C and to omit the router 2A. 

45 [0061] This, however, does not mean that the opti- 
cal path must be set to one hop without passing at all 
through the routers 2A of the core node device 2M1 and 
2M2, which are located on the route from the transmis- 
sion side edge node device 2S to the destination side 

so edge node device 2R. 

[0062] This is because as packet forwarding 
processing required at the router 2A decreases, the 
load applied to the router 2A decreases by that, and an 
improvement of throughput and a decrease in delay 

55 time can be achieved. 

[0063] Even if the number of cut-through is not the 
maximum, it is possible to set the optical path based on 
another effective index, such as an improvement of 
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throughput or a decrease in delay time in the entire opti- 
cal network system. 

[0064] Possible handling methods of a user packet, 
for which transfer via the cut-through optical path is 
demanded, are a method of allowing the user packet to 
standby in the node device until a new cut-through opti- 
cal path is set, and a method of transferring the user 
packet via an old conventional path until a new cut- 
through optical path is set, then the path for packet 
transfer is changed after setting. 
[0065] In the above mentioned configuration exam- 
ple, when the cut-through request packet processing 
part 2B2 receives a cut-through request packet from the 
downstream side for the present node device, the cut- 
through request packet processing part 2B2 adds the 
information on the present node device to this packet, 
and transfers the packet to the upstream side. However, 
this configuration may be such that the cut-through 
request packet is directly transmitted to the transmis- 
sion side edge node device from the processing part 
2B2, without waiting for the packet from downstream. 
[0066] Also, in the above configuration example, the 
transmission side edge node device, which received the 
cut-through request packet, transmits the optical path 
allocation request packet. However, transmission of the 
packet need not be executed from the transmission side 
edge node device. 

(B-4) Effect of the Embodiment 

[0067] By disposing the node device (node control 
device, optical path setting method) having the func- 
tional configuration in accordance with the present 
embodiment, it becomes possible to omit the layer 2 
and layer 3 processing. Therefore the load to be applied 
to the router 2A can be decreased dramatically com- 
pared with a conventional system. So an improvement 
of throughput and a decrease of delay time can be 
implemented in a packet transfer. As a consequence, if 
this optical network system is used for Internet service, 
for example, the user will experience such benefits as 
quicker response times. 

[0066] In the case of conventional systems, an opti- 
cal path set once is basically used with that setting, and 
is not switched according to the traffic of IP packets. The 
present invention allows optimizing the setting of an 
optical path (e.g. decreasing the number of hops in an 
IP router). 

(C) Second Embodiment 
(C-1) Functional Configuration 

[0069] The second embodiment will now be 
described with reference to Fig. 5. The second embodi- 
ment corresponds to a modification form of the node 
device in accordance with the above mentioned first 
embodiment, and the configuration of the functional 



parts 1 A - 2C, and each part 2B1 - 2B5 constituting the 
node control function part 2B are essentially the same 
as the case of the first embodiment shown in Fig. 5. 
[0070] The difference is that the transfer direction of 
5 the optical path control packets (cut-through request 
packet and optical path allocation request packet) in the 
second embodiment concerning the setting of the cut- 
through optical path is the opposite from the first 
embodiment. 

w [0071] This is seen by comparing Fig. 6, which 
shows the status of setting the optical path for cut 
through in the present embodiment, and Fig. 4, which 
shows the status of setting the optical path for cut 
through in the first embodiment. As Fig. 6 and Fig. 4 

15 show, the transfer directions of Figs. 6(B) - 6(C) are 
opposite the transfer directions of Figs. 4(B) - 4(C) 
respectively. This is the biggest difference when the 
optical network system is constructed by disposing the 
node device 2 in accordance with the present embodi- 

20 ment. 

(C-2) Configuration of Node Control Function Part 2B 

[0072] Next the configuration of the node control 
25 function part 2B, which is the cause of the difference of 
the transfer direction of the optical path control packets, 
will be described. Here, functional parts which are the 
same as those of the first embodiment are denoted with 
the same signs as Fig. 1 , and functional parts which are 
30 different from those of the first embodiment are denoted 
with corresponding signs and a prime ('). 
[0073] The node control function part 2B, constitut- 
ing the node device 2 in accordance with the present 
embodiment, comprises the following five functional 
35 parts. 

(a) Edge/core determination part 2B1 

(b) Cut-through request packet processing part 
2B2' 

40 (c) Optical path allocation request packet process- 
ing part 2B3 1 

(d) Optical path switching control part 2B4 

(e) Router control part 2B5 

45 [0074] The three functional parts 2B2' and 2B3\ 
where functions are different from the first embodiment, 
will now be described. The only actual change from the 
first embodiment is that the transfer direction of the 
packet related to the setting of the cut-through optical 
50 path is reversed. 

(C-2-1) Cut-through Request Packet Processing Part 
2B2' 

55 [0075] The cut-through request packet processing 
part 2B2' of the present embodiment as well is for col- 
lecting the optical path resouce and traffic information 
required for setting a cut-through optical path. 
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[0076] When the node device to which this cut- 
through request packet processing part 2B2' belongs is 
determined as the transmission side edge node device 
2S, this processing part 2B2' notifies the information on 
existence of the packet, which passed the present node 5 
device, and the open resource and traffic information 
(e.g. wavelength) of the present node device as the cut- 
through request packet to the node device 2M2, which 
is positioned next to the present node device 2R at the 
downstream side (destination side). 
[0077] If reception of the cut-through request 
packet is confirmed and the present node device is 
determined as the core node device for this packet by 
the edge/core determination part 2B1, the cut-through 
request packet processing part 2B2 adds the open 
resource and traffic information of the present node 
device to the received cut through request packet, and 
transfers the packet to the node device at the down- 
stream side. 

(C-2-2) Optical Path Allocation Request Packet 
Processing Part 2B3' 

[0078] The optical path allocation request packet 
processing part 2B3' of the present embodiment as well 
is for determining the allocation of a cut-through optical 
path based on the collected open resource and traffic 
information, and for requesting to set the cut-through 
optical path based on this allocation. 
[0079] For example, when reception of a cut- 
through request packet is confirmed and the edge/core 
determination part 2B1 determines that the present 
node device is the destination side edge node device 
2R for this packet, the optical path allocation request 
packet processing part 2B3' calculates the optimum 
allocation of the optical path based on the open 
resource information and other information like traffic 
flowing this node included in the packet, and notifies the 
cut-through optical path setting request based on the 
result to the present node device, the core node device 
2M1 and 2M2, and the transmission side edge node 
device 2S. An optical path allocation request packet is 
used for this notice. 

(C-3) Optical Path Setting Operation 

[0080] As mentioned above, the content of the func- 
tions to be executed by each function part is essentially 
the same as that of the first embodiment, with the 
exception of a difference in the directions of receiving or 
transmitting packets related to the operation. 
[0081] Therefore, except for the transfer directions 
of these related packets, the optical path setting opera- 
tion of the present embodiment progresses in the same 
manner as the first embodiment. After a new cut- 
through optical packet, which omits the layer 2 and layer 
3 processing in the core node device, is set, a transfer 
at high throughput and low delay time is implemented 



using that route (Fig. 6 (E)). 
(C-4) Effect of the Embodiment 

[0082] As mentioned above, in the case of the node 
device (node control device, optical path setting 
method) having a functional configuration in accord- 
ance with the present embodiment as well, a similar 
effect as the first embodiment is possible, that is, the 
load to be applied to the router 2A can be decreased 
dramatically by the cut through on the optical layer 
(layer 1 ) compared with a conventional system, so an 
improvement of throughput and a decrease of delay 
time can be implemented in a packet transfer. As a con- 
sequence, if this optical network system is used for 
Internet service, for example, the user will experience 
such benefits as quicker response times. 
[0083] The first embodiment, where the transmis- 
sion side edge node device determines the optical 
wavelength and setting blocks to be used for cut 
through, may be advantageous in the case of (1) below. 
However, in the case of (2) below, the present embodi- 
ment is more advantageous than the first embodiment. 

(1 ) The amount of packets which flow into the opti- 
cal network system is about the same from any 
transmission side edge device 2S, and load is con- 
centrated on the destination side edge node device 
2R, which is the destination of the packets. (Rea- 
son: The setting of optical wavelength and setting 
blocks can be processed and distributed by the 
transmission side edge node device 2S, where load 
is not concentrated.) 

(2) Node device which sends the packets to the 
optical network system is concentrated to a specific 
transmission side edge node device 2S. (Reason: 
The setting of optical wavelength and setting blocks 
can be processed and distributed by the destination 
side node where load is not concentrated.) 

(D) Third Embodiment 

(D-1) Functional Configuration 

[0084] Next the third embodiment will be described 
with reference to Fig. 7. In the third embodiment, a node 
device for which an optical path for cut through can be 
set at a higher speed than the above mentioned node 
device in accordance with the first and second embodi- 
ments will be described. In this node device 2 as well, 
the basic functional configuration is a router 2A, node 
control function part 2B, and an optical cross-connect 
2C, which is the same as the case of the first embodi- 
ment. 

[0085] The difference is the content of the function 
parts constituting the node control function part 2B. 
Therefore, in the following description, primarily the dif- 
ference in configuration of the node control function part 
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2B will be described. 

(D-2) Configuration of Node Control Function Part 2B 

[0086] The node control function part 2B in accord- 
ance with the present embodiment comprises the fol- 
lowing four function parts. Here, function parts which 
are the same as those of the first embodiment are 
denoted with the same signs, and functional parts which 
are different from those of the first embodiment are 
denoted with the corresponding sign and a prime ('). 

(a) Edge/core determination part 2B1 

(b) Cut-through setting packet processing part 2B6 

(c) Optical path switching control part 2B4' 

(d) Router control part 2B5 

[0087] These four functional parts 2B1, 2B6, 2B4' 
and 2B5 will now be described. Denoted with the same 
signs [as the first embodiment], the edge/core determi- 
nation part2B1 and the router control part2B5 have the 
same functions as the case of the first embodiment, 
therefore descriptions are omitted. 

(D-2-1) Cut-through Setting Packet Processing Part 
2B6 

[0088] The cut-through setting packet processing 
part 2B6, which is a configuration unique to the present 
invention, is a function part for setting the cut-through 
optical path autonomously using the optical wavelength 
resource notified from the downstream side, and notify- 
ing the open resource information (e.g. wavelength) of 
the node device to which this processing part 2B6 
belongs by transferring a cut-through setting packet. 
[0089] If cut through can be set using the optical 
wavelength resource notified from the downstream side, 
the cut-through setting packet transmission part 2B6 
adds information on the cut-through optical path to be 
set to the received cut through setting packet, and trans- 
fers this packet to the node device at the upstream side. 
[0090] If cut through cannot be set using the optical 
wavelength resource notified from the downstream side, 
on the other hand, the cut-through setting packet trans- 
mission part 2B6 transfers information on cut through, 
which has been set thus far, and open resource infor- 
mation in the present node device, to the node device at 
the upstream side together. 

[0091] When the node device 2 corresponds to the 
destination side edge node device 2R, the cut-through 
setting packet transmission part 2B6, which confirmed 
existence of the packet which passed through the 
present node device, notifies existence of the packet 
which passed through and open resource information 
(e.g. wavelength) of the present node device to the 
node device at the upstream side as the cut-through 
setting packet. 



(D-2-2) Optical Path Switching Control Part2B4' 

[0092] The optical path switching control part 2B4' 
is a functional part for actually setting the cut-through 

5 optical path for the resources for which the cut-through 
setting packet processing part 2B6 determined that the 
cut-through optical path can be set. The optical path 
switching part 2B4 controls the optical cross-connect 
2C and sets the cut-through optical path in the present 

10 node device. 

(D-3) Optical Path Setting Operation 

[0093] Next the optical path setting operation by the 
15 node device (node control device, optical path setting 
method) having the above mentioned functional config- 
uration will be explained. Fig. 8 shows the status when 
an optical path for cut through is set on the optical net- 
work. 

20 [0094] As Fig. 8 shows, in the case of the present 
embodiment, time until setting of the optical path is 
shorter compared with the above mentioned first and 
second embodiments. This is because in the case of the 
first and second embodiments, the open resource infor- 
ms mation of all node device on the communication route is 
collected at either the destination side (first embodi- 
ment) or the transmission side (second embodiment) 
first, then the allocation of the optical path is set based 
on that information. In the case of the third embodiment 
30 however, the procedure for setting of optical path alloca- 
tion used for the first and second embodiment is not 
used, so time until the optical path setting can be 
decreased. 

[0095] Operation of the optical path setting of each 
35 node device according to the third embodiment will now 
be described. In the case of the present embodiment as 
well, the node device 2 (transmission side edge node 
device 2S at the left end of Fig. 8), which received a 
user packet from the terminal (or access system net) 
40 having a first packet for a certain destination, transfers 
the packet to the node device 2M, which is the next 
transfer destination, according to the optical path and 
routing table which are currently set in the router 2 A of 
the present node device 2S so as to start a series of 
45 operations, which are the same as the first and second 
embodiments. 

[0096] As Fig. 8 (A) shows, the first user packet is 
transferred sequentially by conventional routing 
processing in the node device, which is selected as a 

so transfer destination, and eventually reaches the desti- 
nation, side edge node device 2R. 
[0097] The destination side edge node device 2R, 
which received the packet, outputs this user packet to 
the destination terminal (or access system net), but then 

55 returns the cut-through setting packet to the node 
device (core node device 2M2) at the upstream side 
from which the user packet was transferred. At this time, 
the open resource information on the destination side 
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node device 2R is notified. 

[0098] When the core node device 2M2 (device 
next to the destination side edge node device 2R at the 
upstream side) receives the cut-through setting packet, 
the core node device 2M2 determines whether the open s 
wavelength resource exists on the next device at both 
the upstream side and downstream side of the present 
node device 2M2, and if so, the core node device 2M2 
determines that cut through is possible within the 
present node device 2M2, sets the cut-through optical 
path 4a (Fig. 8 (B)), and notifies this information to the 
upstream node device 2M1 and the downstream node 
device 2R. 

[0099] This notice by the cut-through setting packet 
notifies the next core node device 2M1 at the upstream 
side (second device from the destination side edge 
node 2R at the upstream side) that the optical path 4a is 
set at the downstream side. In this case, the core node 
device 2M1 checks whether there is a wavelength 
resource for setting a cut-through optical path to con- 
nect with the cut-through optical path 4a, which has 
already been set at the downstream side, in the 
upstream side of the present node device. If such a 
resource exists, the core node device sets a new cut- 
through optical path 4b in the present node device, 
extends the conventional cut-through optical path 4a to 
the next node device 2M1 at the upstream side, notifies 
this to the next node device 2S at the upstream side, 
and the cut-through optica! path 4 is set. 
[0100] If setting of the cut-through optical path 4b is 
impossible, that information is notified to the upstream 
node device 2M1. By repeating this, setting of the cut- 
through optical path 4 between both the edge node 
devices 2S and 2R completes when the notice reaches 
the transmission side edge node device 2S (Fig. 8 (C)). 
[0101] In this way, the subsequent user packet to be 
transferred is transferred using the cut-through optical 
path 4, that is, a high-speed transfer omitting the layer 2 
and layer 3 processing can be implemented. 

(D-4) Effect of the Embodiment 

[0102] As mentioned above, if the node device 
(node control device, optical path setting method) hav- 
ing a functional configuration in accordance with the 
present embodiment, is disposed in the optical network 
system, it is possible to omit the IP layer (layer 3), and 
therefore load to be applied to the router 2A can be dra- 
matically decreased compared with the conventional 
system. In this way, improvement of throughput and a 
decrease of delay time in a packet transfer can be 
implemented. 

[0103] In the case of the node device in accordance 
with the present embodiment, a status where cut 
through is possible can be implemented when the cut- 
through setting packet, which was output from the des- 
tination side edge node device, reaches the transmis- 
sion side edge node device. This can decrease the time 



until setting of the cut-through optical path compared 
with cases of the first and second embodiments. 
[0104] In the case of the first embodiment and sec- 
ond embodiment, however, the cut-through optical path 
can be set for a longer block than the case of the third 
embodiment, since the optical path is set after collecting 
all information on all core node device which relay the 
transfer of a packet. 



[0105] The above description on the third embodi- 
ment described a configuration for sequentially setting a 
cut-through optical path between the downstream side 
node device and the upstream side node device from 
the downstream side node device where a cut-through 
setting is possible. However, it is also possible to send a 
cut-through setting packet from the transmission side 
edge node device 2S to the destination side edge node 
device 2R, which is the reverse of the above case, and 
the cut-through optical path is sequentially set from the 
upstream side to the downstream side as soon as this 
packet arrives (Fig. 9). 



[0106] Next the fourth embodiment will be 
described with reference to Fig. 10. The fourth embodi- 
ment features the following functional part which is 
added to the node control function part 2B mounted in 
the node device 2 in accordance with the above men- 
tioned embodiments, and corresponds to a modification 
form of the respective above mentioned embodiments. 
[0107] Here, the new functional part to be added is 
called the cut-through optical path necessary/unneces- 
sary determination function part 2B7. This cut-through 
optical path necessary/unnecessary determination 
function part 2B7 determines the necessity of setting 
the cut-through optical path before the setting operation 
described in the respective above mentioned embodi- 
ments actually start, and selectively sets the cut- 
through optical path only when it is determined as nec- 
essary. 

[0108] In the above description, the necessity of 
setting a cut- through optical path is determined before 
transmitting the cut-through setting request packet, but 
in the case of the first embodiment or the second 
embodiment, the necessity is determined before trans- 
mitting the optical path setting request packet. 
[0109] Specifically, the cut-through optical path 
necessary/unnecessary determination function part 
2B7 judges the necessity of the cut-through optical path 
before the edge node device transmits the cut-through 
request packet (first or second embodiment) or, based 
on the following criteria, the cut-through setting packet 
(third embodiment). 

[01 10] The criteria used here is whether it is possi- 
ble that a large volume of packets having the same 
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transmission origination address (SA) and the same 
destination address (DA) as a user packet having a new 
address transferred first, will be transferred on the opti- 
cal network system in the future. This possibility is 
determined not only by determining whether it is possi- 
ble that a large volume of packets will flow on the same 
route, but also whether the packets are application 
packets for which the requirement for delay times is 
strict (real-time packets). 

[0111] Only when it is determined that setting of a 
new cut-through optical path is necessary, the cut- 
through request packet (first embodiment or second 
embodiment) or cut-through setting packet (third 
embodiment) described in the respective above men- 
tioned embodiments is allowed to be transmitted. 
[0112] Determining whether a new cut-through opti- 
cal path is set based on the cut-through optical path 
necessary/unnecessary determination function part 
2B7 need not be executed by the edge node device. 
[0113] In this way, if the node device (node control 
device, optical path setting method) having a functional 
configuration in accordance with the fourth embodiment 
is disposed on the optical network system, the cut- 
through optical path is set only when a new path is nec- 
essary. In other words, the cut-through optical path is 
set only when a highly required service for the entire 
network or for a certain user is provided, therefore a 
system which exhibits minimal waste of wavelength 
resources can be constructed under current optical 
communication technology, where the number of wave- 
lengths is limited to several ten to several hundred. 

(F) Fifth Embodiment 

[0114] With the current technology, if the arrange- 
ment of optical paths is frequently changed in the optical 
cross-connect, time for switching optical paths is 
wasted, since time requited for changing the setting of 
optical paths is longer than the speed of optical signals. 
[0115] An object of the present embodiment is 
implementing a node device (node control device, opti- 
cal path setting method) which can use the band of the 
optical path as effectively as possible, and implement- 
ing an optical network system where utilization of band- 
width of the optical path is efficient. Fig. 11 shows a 
configuration example of a node device in accordance 
with the present embodiment. For the node control func- 
tion part 2B, one of the node control function part 2B 
(Fig. 1, Fig. 5, Fig. 7, Fig. 10), described in the first to 
fourth embodiments, is applied. 
[0116] The configuration unique to the present 
embodiment is characterized by that the destination- 
based buffer 2D is disposed at some outputs of the 
router 2A constituting the node device 2. In other words, 
data output of the router 2 A is input to the optical cross- 
connect (optical ADM) 2C via the destination-based 
buffer 2D. 

[0117] The destination-based buffer 2D has a 



switch function part 2E which allows guiding the signal 
read from each buffer to an arbitrary input port of the 
optical cross-connect 2C. This switch function part 2E 
can be implemented in various way, such as a function 

5 of the optical cross-connect 2C side. 

[0118] Next the IP packet transfer operation, which 
is implemented by the node device 2 in accordance with 
the present embodiment, will be described. When an IP 
packet is sent from a terminal (or access net), the node 

10 device 2 in the present embodiment once stores the IP 
packet in the destination-based buffer 2D. When a 
number of IP packets begin to store in the destination - 
based buffer 2D, cut-through optical path setting 
processing is executed by the node control function part 

15 2B. 

[01 19] When the cut-through optical path is set, the 
IP packets, which have been stored in the destination- 
based buffer 2D thus far, are all transmitted to the desti- 
nation side node device. After this transmission ends, 

20 this cut-through optical path is released. After releasing, 
this optical path is used for the transmission of IP pack- 
ets stored in another destination-based buffer 2D. A 
description on the cut-through optical path setting oper- 
ation is omitted here, since it is the same as the opera- 

25 tion described in the respective above mentioned first to 
fourth embodiments. 

[0120] The destinations of the IP packets stored in 
the destination-based buffer 2D need not be exactly the 
same. Even if the final destination is different, a packet 

30 can be effectively stored in the same destination-based 
buffer 2D if the packet passes through the same route. 
[01 21 ] If the node device (node control device, opti- 
cal path setting method) having the functional configu- 
ration in accordance with the fifth embodiment is 

35 disposed in the optical network system, a decrease of 
load to be applied to the router 2A and an improvement 
of throughput can be implemented by setting the cut- 
through optical path, and also a limited band of optical 
signals can be more effectively used. 

40 [0122] In particular, because the currently available 
commercial optical switches have relatively slow switch- 
ing speeds, there is a demand to minimize the overhead 
required for switching time, that is, a demand to setting 
the optical path for a period of time while accumulating 

45 a number of IP packets without frequently switching the 
optical path. This method effectively satisfies such 
demand. 

(G) Sixth Embodiment 

50 

[01 23] Next the sixth embodiment will be described 
with reference to Fig. 12. The sixth embodiment corre- 
sponds to a modification form of the above mentioned 
fifth embodiment. The difference between the sixth 
55 embodiment and the fifth embodiment is that in the case 
of the sixth embodiment, an allowable delay recognition 
function part 2A1 is newly disposed in the router 2A 
constituting the node device 2. The allowable delay rec- 
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ognition function part 2A1 functions primarily at the 
transmission side edge node device. 
[0124] This function part is provided for the purpose 
of adaptively preventing the occurrence of problems 
which may occur when the fifth embodiment is used 
alone. In other words, in the case of the fifth embodi- 
ment, an improvement of throughput and effective use 
of band are possible, but the delay time may become a 
problem. For example, in the case of packets of real- 
time system applications, such as an Internet TV tele- 
phone, service quality may drop if packets are stored for 
a predetermined time or longer. 
[0125] In the node device in accordance with the 
present embodiment, the allowable delay recognition 
function part 2A1 of the router 2A first determines 
whether the current transfer target packet is a packet of 
a real-time system application such as an Internet TV 
telephone, or a packet of a non-real-time system appli- 
cation such as a file transfer. As a result of this determi- 
nation, a packet transfer using the destination-based 
buffer 2D is selected only for the packet determined as 
the latter. 

[0126] The node device in accordance with the 
present embodiment transfers a packet of a non-real- 
time system application (a packet to be stored in the 
destination-based buffer 2D) via the cut-through optical 
path, which is set in the optical layer (layer 1) when a 
certain number of packets accumulate (or by an event 
based on a certain time interval). Here, for the optical 
path to be used for a transfer of this packet, an optical 
path, where priority is assigned for efficient bandwidth 
utilization (an optical path which is set such that the 
number of cut-throughs become a maximum), for exam- 
ple, is used. 

[0127] Another method is, for example, that some 
destination-based buffers are used for storing packets 
which cannot be delayed too long, and the packets 
stored in the buffers are output before the delay time 
becomes too long. 

[0128] In this way, if the node device (node control 
device, optical path setting method) having the func- 
tional configuration in accordance with the sixth embod- 
iment is disposed in the optical network system, packets 
of a real-time system application can be transferred 
without being delayed in a queue in the destination- 
based buffer, and has the features of the fifth embodi- 
ment as well. 

(H) Seventh Embodiment 

[0129] Generally speaking, and as mentioned in the 
above, the first to fourth embodiments are methods 
combining the basic concept, which is the dynamic allo- 
cation of an optical path and flow driven type multi-layer 
switch in an IP/ATM system, as mentioned above. How- 
ever, the resource environment assumed in IP/ATM and 
the resource environment assumed in IP/Lightwave, 
which is described in the present description, are not 



always the same. 

[0130] For example, in the case of IP/ATM, commu- 
nication with an adjacent node device is insured if one 
logical channel is free, since ATM can set channels log- 

5 ically on a physical network. 

[0131] In the case of IP/Lightwave, on the other 
hand, the method used for ATM cannot be used for a 
logical channel for an information transfer which has a 
narrow band, since the number of optical paths is 

10 restricted by the number of optical wavelengths multi- 
plexed. Therefore, if all optical paths are allocated to 
omit the layer 2 and layer 3 processing in a node device 
of an optical network, this node cannot communicate 
with other node device. 

is [0132] If at least one optical path is free to commu- 
nicate with another node device, it is certainly possible 
to communicate with any node device by using that opti- 
cal path by repeatedly hopping. However, in this case, a 
large load is applied to the optical path. 

20 [0133] In the node device in accordance with the 
present embodiment, it is proposed to dispose a func- 
tion part for executing control to always keep free an 
optical path to be used as an information channel 
between the present node device and another node 

25 device. This function part is called an information chan- 
nel insuring confirmation function part 2B8. 
[01 34] Fig. 1 3 shows a configuration example of the 
node device in accordance with the present embodi- 
ment. An information signal processing function part for 

30 exchanging information signals with another node 
device is disposed in the node control function part 2B, 
although the information signal processing function part 
is not illustrated in Fig. 13 (or in other drawing). Disposi- 
tion of the information signal processing function part is 

35 the same for the above mentioned and later mentioned 
embodiments. 

[0135] Although Fig. 13 shows a configuration 
where the information channel insuring confirmation 
function part 2B8 is added to the node device in accord- 

40 ance with the above mentioned sixth embodiment, it is 
certainly possible to apply the information channel 
insuring confirmation function part 2B8 in accordance 
with the present embodiment to each node device in 
accordance with the first to fifth embodiment. 

45 [0136] Next the setting of a cut-through optical path 
by the node device having such a configuration will be 
described. When the node device 2 receives a request 
to omit the layer 2 and layer 3 processing by the optical 
layer (layer 1 ), the node device 2 confirms the existence 

so and appropriateness of the open wavelength source of 
the present node device by function part of the node 
control function part 2B, and determines whether cut 
through is possible. 

[0137] When the setting of the cut-through optical 
55 path is possible and the optical path is actually set, the 
node device 2 determines whether an information chan- 
nel required for communication between the present 
node device and another node device is free by the 
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information channel insuring confirmation function part 
2B8. If it is confirmed that a required information chan- 
nel is free, the node device 2 actually executes switch- 
ing to the optical path. 

[0138] A general data packet can also be trans- 
ferred to the optical path for an information channel 
insured in this manner. It is easiest to set this informa- 
tion channel between the present node device and an 
adjacent node device, but this approach is not an abso- 
lute. Even if some packet transfers are necessary (using 
a longer route), required information (packet) can reach 
its destination via the insured information channel. 
[0139] As mentioned above, if the node device 
(node control device, optical path setting method) in 
accordance with the present embodiment is disposed in 
the optical network system, an information channel can 
always be insured between adjacent nodes, in addition 
to the effects of the respective above mentioned 
embodiments. Therefore such communication as 
releasing the setting of an optical path can always be 
directly executed. 

(I) Eighth Embodiment 

[0140] Next the eighth embodiment will be 
described with reference to Fig. 14. The above men- 
tioned seventh embodiment is a configuration example 
based on a technical concept only to insure an informa- 
tion channel. Whereas in the present embodiment, 
which is a node device which sets a dedicated optical 
path in advance for an information channel, that is, allo- 
cates a certain optical wavelength dedicated to an infor- 
mation channel, so as to insure releasing the setting of 
the cut-through optical path, will be described. 
[0141] To implement such a function, in the case of 
the node device 2 in accordance with the present 
embodiment, an optical path extraction/insertion 
(drop/add) part for the information channel 2F to extract 
(drop) optical signals with a specified wavelength from 
the optical fiber 3 or insert (add) optical signals with a 
specified wavelength into the optical fiber 3, is disposed 
in the node device. 

[0142] The optical path extraction/insertion 
(drop/add) part for the information channel 2F functions 
in some cases as a means for extracting (dropping) opti- 
cal signals for the information channel, which were 
transferred from another node device, from the optical 
fiber 3, and functions as a means for inserting (adding) 
optical signals for the information channel to another 
node device. 

[0143] In other words, the optical path extrac- 
tion/insertion (drop/add) part for the information channel 
2F extracts (drops) an optical signal with a specified 
wavelength from the optical fiber 3, transfers the optical 
signal to the router 2A and guides the optical signal to 
the information signal processing function part (in the 
node control function part 2B) which processes informa- 
tion conveyed on the optical signal. The optical path 



extraction/insertion (drop/add) part for the information 
channel 2F also receives the information which the 
information signal processing function part (in the node 
control function part 2B) addressed to another node 

5 device via the router 2A, and inserts (adds) the optical 
signal with a specified wavelength, where this informa- 
tion is conveyed, to the optical fiber 3. 
[01 44] The basic operations of the cut-through opti- 
cal path setting procedures, and the user packet trans- 

10 fer procedure, are the same as the cases of the other 
embodiments. 

[0145] In this way, if the node device (node control 
device, optical path setting method) in accordance with 
the present embodiment is disposed in the optical net- 
15 work system, an information channel required for the 
transfer of information for switching of an optical path 
can be absolutely and physically insured. 

(J) Ninth Embodiment 

20 

[01 46] Next the ninth embodiment will be described 
with reference to Fig. 15. Unlike the above mentioned 
eighth embodiment, in the ninth embodiment, a dedi- 
cated optical path for the information channel is not set 

25 in advance, instead a pilot tone signal is overlaid on the 
normal cut-through optical path for user data so as to 
insure the information channel at all times. 
[0147] The node device 2 in accordance with the 
present embodiment implements this function by the 

30 pilot tone signal transmission function part 2G disposed 
in the node device. By this function, information can be 
exchanged between adjacent nodes (or nodes slightly 
distant from each other), even if all or almost all optical 
paths in a node device 2 are set to the cut-through opti- 

35 cal paths. 

[0148] A certain effect can be expected when the 
present method is applied as is, but if a plurality of node 
device on the same path transmit pilot tone signals at 
the same time, a collision of pilot tone signals may occur 

40 at the node device furthest downstream, and transmit- 
ted information may not be received. 
[0149] Therefore in the present embodiment, it is 
more effective to add the following means. For example, 
the pilot tone signals are transmitted in bursts only when 

45 information is transmitted. In this case, even if transmit- 
ted information cannot be received due to a collision of 
pilot tone signals, the node device furthest downstream 
can request a resend using the idle time of the informa- 
tion channel. Another example is predetermining to 

so always reply an acknowledgment (ACK) to the transmis- 
sion side whenever information is received normally, so 
that information is automatically resent if the acknowl- 
edgment (ACK) is not returned. 
[01 50] In this case, the probability of an occurrence 

55 of collisions can be further decreased if the node device 
at the upstream side executes a resend at different tim- 
ing by some means (e.g. determining a time until a 
resend by random numbers). 
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[0151] If the node device (node control device, opti- 
cal path setting method) in accordance with the present 
embodiment is disposed in an optical network system, 
an information exchange between adjacent node device 
(including node device slightly distant from each other) 
becomes possible, even if all or almost optical paths 
pass through the node device without layer 2 or layer 3 
processing. 

(K) Tenth Embodiment 

[01 52] Next the tenth embodiment will be described 
with reference to Fig. 16. Unlike the above mentioned 
ninth embodiment, in the present embodiment, an infor- 
mation channel is insured by time division multiplex 
(TDM) of pilot tone signals on a normal cut-through opti- 
cal path for user data. 

[0153] The node device 2 in accordance with the 
present embodiment implements this function by TDM 
pilot tone transmission function part 2H for the informa- 
tion channel which is disposed in the node device. Fig. 
1 7 shows an example of time division multiplex (TDM) 
of pilot tone signals. In Fig. 17, with reference to time 
slots t1 , t2 and t3 when the node device 2 (1) furthest 
upstream transmitted pilot tone signals, the node 
devices 2 (2), 2 (3) and 2 (4) in subsequent stages over- 
lay respective information in different time slots (P1 , P2, 
P3; q1, q2, q3) respectively. 

[0154] For synchronization, the synchronous circuit 
used for receiving the pilot tone signals can be used as 
is. Cross-talk clearly does not occur on different optical 
paths, even if pilot tone signals with the same frequency 
are used. 

[0155] In this way, if the node device (node control 
device, optical path setting method) in accordance with 
the present embodiment is disposed in the optical net- 
work system, information can be transferred without a 
collision of pilot tone signals occurring. 
[0156] In the present embodiment, a TDM system is 
used for the transmission of pilot tone signals, but a 
transmitter-receiver for pilot tone signals with different 
frequencies may be provided in each device, so as to 
enable communication between the node devices by 
the transmitter-receivers. Here, as a rule, a different fre- 
quency for a pilot tone signal is assigned to each node 
device. However, if a pilot tone signal from another node 
device received by a node device which distance is suf- 
ficiently distant, is noticeably weak, the same frequency 
may be used in an appropriate spatial arrangement. 

(L) Other Embodiments 

[0157] In the above mentioned embodiments, the 
case when the layer 3 switch, where packets are trans- 
ferred at high-speed based on the layer 3 (network 
layer) address of the input packet, was described for the 
node device 2, but the present invention can also be 
applied to the layer 4 switch where the header informa- 



tion of the layer 4 (transport layer) of the input packet, 
such as the port numbers of TCP and UDP, is read to 
transfer packets. In this case, processing for the layer 3 
or layers higher than the layer 3 is omitted. 

5 

(M) Still Other Embodiments 

[0158] In the above embodiments, the node device 
itself judges whether the self node device is at the trans- 

10 mission side or destination side edge node or core node 
device before executing the processing required for set- 
ting an optical path. To decrease cost to construct an 
optical network system, however, it is preferable that the 
node device have such a configuration that judging the 

75 role of the self node device is unnecessary. In other 
words, it is preferable, in terms of construction cost, to 
provide an optical network system by providing a node 
device where the edge node device and core node 
device are designed as dedicated for the respective 

20 edge node and core node. 

[0159] Fig. 18 is a drawing depicting an example of 
a net where the optical network system is comprised of 
such dedicated node devices. In the configuration 
example in Fig. 18, the optical network is comprised of 

25 three edge node devices 10A, 10B and 10C (these 
edge node devices are collectively denoted by 1 0) and 
four core node devices 1 2A, 1 2B, 1 2C and 1 2D. The ter- 
minal 14A, LAN 16A and the core node device 12A are 
connected to the edge node device 10A. The terminals 

30 14B, 14C and the core node device 12D are connected 
to the edge node device 1 0B. The terminal 1 4D, another 
network 18, and the core node device 12C are con- 
nected to the edge node device 10C. The core node 
device 12A is connected to the core node devices 12B 

35 and 1 2D respectively via optical fibers. The core node 
device 12B is connected to the core node devices 12D 
and 12C respectively via optical fibers, and the core 
node device 12C is connected to the edge node device 
1 0C via optical fibers. The core node device 12D is con- 

40 nected to the edge node device 1 2B via optical fibers. 
[0160] In the configuration example of this optical 
network system, an edge node device is connected only 
between an external terminal and a core node device. A 
core node device is connected only with one or both of 

45 an edge node device and another core node device. 
Therefore, a core node device has core node input/out- 
put ports to forward transfer packets with another core 
node device, but does not have input/output ports to for- 
ward transfer packets with an external terminal. The 

so transfer packets include a user packet and a control 
packet. 

[0161] The edge node device 10 dedicated to the 
edge is configured such that the edge/core judgment 
part 2B1 and the optical path switching control part 2B4 
55 are omitted from the configuration of the node control 
part of the general edge node device 2, that is, the node 
control device 2B, which is described with reference to 
Fig. 2, and the optical transmission device, that is, a 
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simple input/output part, is used instead of the optical 
cross-connect 2C. Fig. 19 shows a configuration exam- 
ple of the edge node device 1 0 dedicated to the edge. In 
Fig. 19, the same components as in Fig. 2 are denoted 
with the same reference characters. However, the edge 
node control function part, which corresponds to the 
node control device 2B in Fig. 2, is denoted with 22B, 
the input/output part is denoted with 22C, and the edge 
node router is denoted with 22A. 
[0162] The input part 22C has edge node input/out- 
put ports to forward transfer packets between the edge 
node device which includes this input part 22C and a 
core node device. These edge node input/output ports 
are comprised of an optical wavelength multi- 
plexer/demultiplexer 2C3. And these input/output ports 
2C3 are connected to the router 22A via the interface 
2C1. The transfer packets include a user packet and a 
control packet. 

[0163] The edge node router 22A has input/output 
ports for connection with an external terminal or LAN or 
another network. The edge node router 22A determines 
the output destination of the transfer packet which was 
input from the input/output ports according to the 
header information of layer 2 and layer 3, and outputs 
the output destination to the input/output part 22C. 
[0164] The edge node control function part 22B 
controls the decision of the output destination in the 
router 22A according to the instruction of the transfer 
packet which was input thereto. Or, the edge node con- 
trol function part 22B outputs the packet which was 
input from the input part 22C to an appropriate terminal 
interface. 

[0165] The above mentioned transfer packets 
include a user packet and a control packet. 
[0166] The edge node control function part has a 
cut-through request packet processing part 22B2, an 
optical path allocation request packet processing part 
22B3, and an edge node router control part 22B5. 
[0167] When a transfer packet from a transmission 
origination edge node device is input, the cut-through 
request packet processing part 22B2 notifies the open 
resource information in the self edge node device to the 
transmission origination edge node device as a cut- 
through request packet. 

[0168] When the cut-through request packet from 
the destination side edge node device is input, the opti- 
cal path allocation request packet processing part 22B3 
decides an optimum optical path allocation based on 
the open resource information written in the cut-through 
request packet, and notifies the allocation to the core 
node device and the destination side edge node device 
as the optical path allocation request packet. 
[0169] When a cut-through optical path is set in the 
core node device and the destination side edge node 
device, the edge node router control part 22B5 controls 
the edge node router 22 A so that transfer packets are 
transferred via this cut-through optical path. 
[0170] In the same manner, a core node device 12 



dedicated to the core is configured such that the 
edge/core judgment part 2B1 and the optical path allo- 
cation request packet processing part 2B3 are omitted 
from the configuration of the node control part of the 

5 general edge node device 2, that is, the node control 
device 2B which was described with reference to Fig. 2. 
Fig. 20 shows a configuration example of the edge node 
device 12 dedicated to the edge. In Fig. 20, the same 
components as the components in Fig. 2 are denoted 

ro with the same reference characters. However, the core 
node control function part, which corresponds to the 
node control device 2B in Fig. 2, is denoted with 32B, 
and the core node router is denoted with 32 A. 
[0171] The core node device 12 has core node 

is input/output ports to forward the transfer packets with 
an edge node device or with another core node device, 
and has an optical cross-connect 2C for setting an opti- 
cal path between input/output ports of this core node. In 
the configuration example in Fig. 19, the core node 

20 input/output ports are comprised respectively of an opti- 
cal wavelength multiplexer/demultiplexer 2C3, which 
constitutes a part of the optical cross-connect 22C. 
[01 72] The core node router 32A decides the output 
destination of the transfer packet which was input from 

25 the core node input/output part 2C3 according to the 
header information of layer 2 and layer 3, and outputs 
the output destination to the core node input/output part 
2C3. 

[0173] The user packets which are input to the 
30 same node device pass through only the optical cross- 
connect via the optical path, or are transferred to a 
router and is routed to an appropriate output destination 
in the router. 

[0174] For a control packet, the core node control 
35 function part 32 B decides the output destination in the 
core node router 32A according to the instruction of the 
control packet which was input, and controls the switch- 
ing of a connected pair of each input port and output 
port inside the optical cross-connect 2C. 
40 [0175] The core node control function part 32B has 
a cut-through request packet processing part 32B2, an 
optical path switching control part 32B4, and a core 
node router control part 32 B5. 
[0176] The cut-through request packet processing 
45 part 32B2 adds an open resource information in the self 
core node device to the cut-through request packet 
which is received from the upstream side or is inde- 
pendently generated and transfers the packet to the 
upstream side. 

so [0177] The optical path switching control part 32B4 
sets a cut-through optical path in the optical cross-con- 
nect 2C according to the instruction of the optical path 
allocation request packet notified from the edge node 
device. 

55 [0178] When a cut-through optical path is set in a 
core node device and a destination side edge node 
device, the core node router control part 32B5 controls 
the core node router 32A so that the transfer packet is 
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transferred via this cut-through optical path. 
[0179J In the case of the optical network system 
having the configuration shown in Fig. 18, the function 
of the router is not always necessary, but only the opti- 
cal cross-connect can create a state where an optical 5 
path from an edge node to another edge node is always 
set. In this case, control can be executed by control sig- 
nals (control packet), for example, which are sent by a 
pilot tone. 

10 

Claims 

1. A node control device (2B) which is disposed in 
each node device (2) constituting an optical net- 
work system (Fig. 3 and Fig. 4), and is used for con- 15 
trolling the packet transfer operation in each node 
device, characterized in comprising: 

edge/core determination means (2B1) for 
determining whether a node device (2) which 20 
the node control device (2B) is controlling 
(hereafter to be referred to as the present node 
device) is a transmission side edge node 
device (2S), a core node device (2M1 , 2M2), or 
a destination side edge node device (2R) for 25 
the transfer packet which is to be processed; 
cut-through request packet processing means 
(2B2) wherein which, when said present node 
device Is the destination side edge node 
device, notifies the open resource information 30 
of said present node device to the upstream 
side of the transfer route as a cut-through 
request packet, and, when said present node 
device is the core node device, transfers the 
cut-through request packet after adding thereto 35 
the open resource information of said present 
node device which is received from the down- 
stream side of the transfer route or is individu- 
ally generated; 

optical path allocation request packet process- 40 
ing means (2B3) for determining the optimum 
allocation of the optical path based on the open 
resource information of the cut-through request 
packet transferred to the transmission side 
edge node device, and notifying the allocation 45 
to the target transmission side edge node 
device, core node device, and destination side 
edge node device respectively by an optical 
path allocation request packet; and 
optical path switching control means (2B4) for so 
controlling an optical switch (2C2) according to 
the allocation notified by the optical path alloca- 
tion request packet, setting an optical path (4) 
which omits the layer 2 and 3 processing, and 
notifying the completion to the transmission 55 
side edge node device by an optical path set- 
ting completion notice packet. 



2. A node control device (2B) which is disposed in 
each node device (2) constituting an optical net- 
work system (Fig. 3 and Fig. 6) and is used for con- 
trolling the packet transfer operation in each node 
device, characterized in comprising: 

edge/core determination means (2B1) for 
determining whether a node device (2) which 
the node control device (2B) is controlling 
(hereafter to be referred to as the present node 
device) is a transmission side edge node 
device (2S), a core node device (2M1 , 2M2), or 
a destination side edge node device (2R) for 
the transfer packet to be processed; 
cut-through request packet processing means 
(2B2') which, when said present node device is 
the transmission side edge node device, noti- 
fies the open resource information of said 
present node device to the downstream side of 
the transfer route as a cut-through request 
packet, and when said present node device is 
the core node device, transfers the cut-through 
request packet after adding thereto the open 
resource information of said present node 
device which is received from the upstream 
side of the transfer route or is individually gen- 
erated; 

optical path allocation request packet process- 
ing means (2B3) for determining an optimum 
allocation of the optical path based on the open 
resource information of the cut-through request 
packet transferred to the destination side edge 
node device, and notifying the allocation to the 
target transmission side edge node device, 
core node device, and destination side edge 
node device respectively by an optical path 
allocation request packet; and 
optical path switching control means (2B4) for 
controlling an optical switch (2C2) according to 
the allocation notified by the optical path alloca- 
tion request packet, setting an optical path 
which omits the layer 2 and layer 3 processing, 
and notifying the completion to the transmis- 
sion side edge node device by an optical path 
setting completion notice packet. 

3. A node control device (2B) which is disposed in 
each node device (2) constituting an optical net- 
work system, and is used for controlling the packet 
transfer operation in each node device, character- 
ized in comprising: 

edge/core determination means (2B1) for 
determining whether a node device (2) which 
the node control device (2B) is controlling 
(hereafter to be referred to as the present node 
device) is a transmission side edge node 
device (2S), a core node device (2M1 , 2M2), or 
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a destination side edge node device (2R) for 
the transfer packet to be processed; 
cut-through setting packet processing means 
(2B6) which, when said present node device is 
the destination side edge node device, notifies s 
the open resource information of said present 
node device to the upstream side of the trans- 
fer route as a cut-through setting packet, and 
when said present node device is the core 
node device, determines whether cut through 10 
by the open resource indicated in the cut- 
through setting packet received from the down- 
stream side of the transfer route is possible, 
and if possible, transfers received cut-through 
setting packet to the upstream side of the trans- 15 
fer route after adding the information to the cut- 
through setting packet, and if impossible, trans- 
fers received cut-through setting packet to the 
upstream side of the transfer route after adding 
thereto the cut-through information which has 20 
been set thus far and the open resource infor- 
mation of said present node device; and 
optical path switching control means (2B4') 
which, when said cut-through setting packet 
processing means determines that cut through 25 
is possible, controls an optical switch (2C2) so 
as to set an optical path to the resource for 
which it was determined that cut through is 
possible. 

30 

4. A node control device (2B) which is disposed in 
each node device (2) constituting an optical net- 
work system (Fig. 3 and Fig. 9), and is used for con- 
trolling the packet transfer operation in each node 
device, characterized in comprising: 35 

edge/core determination means (2B1) for 
determining whether a node device (2) which 
the node control device (2B) is controlling 
(hereafter to be referred to as the present node 40 
device) is a transmission side edge node 
device (2S), a core node device (2M1 , 2M2), or 
a destination side edge node device (2R) for 
the transfer packet to be processed; 
cut-through setting packet processing means 45 
(2B6) which, when said present node device is 
the transmission side edge node device, noti- 
fies the open resource information of said 
present node device to the downstream side of 
the transfer route as a cut-through setting 50 
packet, and when said present node device is 
the core node device, determines whether cut 
through by the open resource indicated in the 
cut-through setting packet received from the 
upstream side of the transfer route is possible, 55 
and if possible, transfers the received cut- 
through setting packet to the downstream side 
of the transfer route after adding the informa- 



tion to the cut-through setting packet, and if 
impossible, transfers the received cut-through 
setting packet to the downstream side of the 
transfer route after adding thereto the cut- 
through information which has been set thus 
far and the open resource information of said 
present node device; and 
optical path switching control means (2B4') 
which, when said cut-through setting packet 
processing means determines that cut through 
is possible, controls an optical switch (2C2) so 
as to set an optical path to the resource for 
which it was determined that cut through is 
possible. 

5. The node control device according to one of Claims 
1 to 4, further comprising forced releasing means 
for forcibly releasing the optical path when a prede- 
termined time has elapsed since setting of the opti- 
cal path, or when a decrease in the number of 
communication packets is confirmed at the node 
device positioned at both ends of said optical path. 

6. The node control device (2B) according to one of 
Claims 1 to 5, further comprising cut-through opti- 
cal path necessary/unnecessary determination 
means (2B7) for determining the necessity of cut 
through before transmitting the cut-through request 
packet or transmitting the cut-through setting 
packet, so that the cut-through optical path is selec- 
tively set only when determined as necessary. 

7. The node control device (2B) according to one of 
Claims 1 to 6, further comprising information chan- 
nel insuring means (2B8) for determining whether 
the information channel is continuously insured 
after setting the cut-through optical path between 
the node devices on the route where the cut- 
through optical path is set before transmitting the 
cut-through request packet or transmitting the cut- 
through setting packet, and setting the cut-through 
optical path only when the information channel is 
insured. 

8. A node device (2), characterized in comprising: 

a router (2A) for determining the output desti- 
nation of a transfer packet which is input 
according to the header information of the layer 

3; 

an optical cross-connect (2C) for extracting 
(dropping) optical signals from an optical fiber 
or inserting (adding) optical signals to an opti- 
cal fiber, or relaying optical signals between 
arbitrary input/output optical fibers for optical 
path setting; and 

a node control device (2B) according to one of 
the Claims 1 to 7 for switching a connected pair 
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of each input port and output port inside said 
optical cross-connect according to the instruc- 
tions of the received transfer packet or based 
on self judgment. 

9. The node device according to Claim 8, further com- 
prising a switch (2E) which connects a destination - 
based buffer (2D) to some of the outputs from said 
router to said optical cross-connect, and can con- 
nect a packet read from said destination-based 
buffer to an arbitrary input port of said optical cross- 
connect. 

10. The node device according to Claim 9, further com- 
prising allowable delay recognition function means 
(2A1) provided in said router for determining the 
allowable delay of a transfer packet, so that only 
packets with a large allowable delay are allowed to 
be output to said destination-based buffer and 
packets with a small allowable delay are directly 
output to said optical cross-connect. 

11. A node device (2), characterized in comprising: 

a router (2A) for determining the output desti- 
nation of a transfer packet which is input 
according to the header information of the layer 
3; 

an optical cross-connect (2C) for extracting 
(dropping) optical signals from an optical fiber, 
or inserting (adding) optical signals into an opti- 
cal fiber, or relaying optical signals between 
arbitrary input/output optical fibers for optical 
path setting; 

a node control device (2B) according to one of 
Claims 1 to 6 for switching a connected pair of 
each input and output port inside said optical 
cross-connect according to the instructions of 
the received transfer packet or based on self 
judgment; and 

optical path extraction/insertion (drop/add) 
means (2F) for the information channel for 
extracting (dropping) optical signals with a fixed 
wavelength insured for the information channel 
from the optical fiber, or for inserting (adding) 
said optical signals with a fixed wavelength into 
the optical fiber, so as to enable communica- 
tion of information signals with another node 
device. 

12. A node device (2), characterized in comprising: 

a router (2A) for determining the output desti- 
nation of a transfer packet which is input 
according to the header information of the layer 
3; 

an optical cross-connect (2C) for extracting 
(dropping) optical signals from an optical fiber, 



or inserting (adding) optical signals into an opti- 
cal fiber, or relaying optical signals between 
arbitrary input/output optical fibers for optical 
path setting; 

s a node control device (2B) according to one of 

Claims 1 to 6 for switching a connected pair of 
each input and output port inside the optical 
cross-connect according to the instructions of 
the received transfer packet or based on self 

10 judgment; and 

pilot tone signal transmission means (2G) for 
the information channel for overlaying pilot tone 
signals for the information channel on the opti- 
cal path for user data or separating pilot tone 

75 signals for the information channel from the 

optical path for user data so as to enable com- 
munication of information signals with another 
node device. 

20 13. The node device according to Claim 12, wherein 
said pilot tone signals for the information channel 
are transmitted by a time division multiplex system. 

14. An optical network system (Fig. 3, Fig. 4, Fig. 6, Fig. 
25 8, Fig. 9) comprising a plurality of the node devices 

according to one of Claims 8 to 13. 

15. An optical path setting method in an optical network 
system (Fig. 3, Fig. 4), characterized in comprising: 

30 

a step where a destination side edge node 
device (2R) which confirmed the transfer of a 
packet to a terminal accommodated by a 
present node device (2) or an access system 

35 network notifies the open resource information 

of said present node device to the transmission 
side edge node device (2S); 
a step where the transmission side edge node 
device determines an optimum allocation of an 

40 optical path to be set on the transfer route 

based on the open resource information noti- 
fied by the destination side edge node device 
and a core node device (2M1 , 2M2); and 
a step where the transmission side edge node 

45 device, the core node device and the destina- 

tion side edge node device set the optical path 
which omits the packet transfer processing 
(layer 2 and layer 3 processing) in transit nodes 
for the optical path determined in the previous 

so step. 

16. An optical path setting method in an optical network 
system (Fig. 3, Fig. 6), characterized in comprising: 

55 a step where a transmission side edge node 

device (2S) which confirmed the transfer of a 
packet to the destination notifies the open 
resource information of a present node device 
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(2) to a destination side edge node device (2R); 
a step where the destination side edge node 
device determines the optimum allocation of 
the optical path to be set on the transfer route 
based on the open resource information noti- 
fied by the transmission side edge node device 
and a core node device (2M1 , 2M2); and 
a step where the transmission side edge node 
device, the core node device and the destina- 
tion side edge node device set the optical path 
which omits the packet transfer processing 
(layer 2 and layer 3 processing) in transit nodes 
for the optical path determined in the previous 
step. 

17. An optical path setting method in an optical network 
system (Fig. 3 and Fig. 8), characterized in com- 
prising: 

a step where a destination side edge node 
device (2R) which confirmed the transfer of a 
packet to a terminal accommodated by a 
present node device (2) or to an access system 
network transmits the open resource informa- 
tion of said present node device to a transmis- 
sion side edge node device (2S) which is at the 
upstream side; and 

a step where a core node device (2M1, 2M2) 
and a transmission side edge node device, to 
which said open resource information is trans- 
ferred, determine respectively whether the set- 
ting of a cut-through optical path is possible 
based on the open resource information 
received from the downstream side of the 
present node device, and if possible, the core 
node device and the transmission side edge 
node set the cut-through optical packet using 
the resource which was determined as possi- 
ble, and notify the information to the upstream 
side, and if impossible, the core node device 
and the transmission side edge node device 
add the cut-through information which has 
been set thus far and the open resource infor- 
mation of the present node device to the 
received open resource information, and trans- 
fer it to the upstream side. 

18. An optical path setting method in an optical network 
system (Fig. 3 and Fig. 9), characterized in com- 
prising: 

a step where a transmission side edge node 
device (2S) which confirmed the transfer of a 
packet to a destination transmits the open 
resource information of the present node 
device (2) to a transmission side edge node 
which is at the downstream side; and 
a step where a core node device (2M1, 2M2) 



and the destination side edge node device (2R) 
to which said open resource information is 
transferred determine respectively whether the 
setting of a cut-through optical path is possible 

5 based on the open resource information 

received from the upstream side of the present 
node device, and if possible, the core node 
device and the destination side edge node 
device set the cut-through optical packet using 

10 the resource which was determined as possi- 

ble, and notify the information to the down- 
stream side, and if impossible, the core node 
device and the destination side edge node 
device add the cut-through information which 

75 has been set thus far and the open resource 

information of the present node device to the 
received open resource information, and trans- 
fer it to the downstream side. 

20 19. The optical path setting method according to one of 
Claims 15 to 18, wherein the optical path is forcibly 
released when a predetermined time has elapsed 
since the setting of the optical path, or when a 
decrease in the number of communication packets 

25 is confirmed at the node device positioned at both 
ends of the optical path. 

20. The optical path setting method according to one of 
Claims 15 to 19, wherein the necessity of cut 

30 through is determined before setting the cut- 
through optical path, and the setting processing is 
continued only when the necessity is determined. 

21. The optical path setting method according to one of 
35 Claims 15 to 20, wherein it is determined whether 

the information channel is continuously insured 
after setting the cut-through optical path between 
the node devices on the route where the cut- 
through optical path is set before setting the cut- 
40 through optical path, and the cut-through optical 
path is set only when the information channel is 
insured. 

22. The optical path setting method according to one of 
45 Claims 15 to 21, wherein a packet read from the 

destination-based buffer is transmitted to the cut- 
through optical path after setting. 

23. The optical path setting method according to Claim 
so 22, wherein only packets with a large allowable 

delay are stored in said destination-based buffer. 

24. The optical path setting method according to one of 
Claims 1 5 to 20, 22 and 23, wherein the information 

55 communication between the node devices, where 
the cut-through optical path is set, is implemented 
using optical signals with a fixed wavelength 
insured for the information channel after the cut- 
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through optical path is set. 

25. The optical path setting method according to one of 
Claims 15 to 20, 22 and 23, wherein the pilot tone 
signal for the information channel is overlaid on the 
optical path for user data to implement information 
communication between the node devices, where 
the cut-through optical path is set, after the cut- 
through optical path is set. 

26. The optical path setting method according to Claim 
25, wherein said pilot tone signals for the informa- 
tion channel are transmitted in the time division 
multiplex system. 

27. An optical network system, characterized in com- 
prising: 

a plurality of edge node devices (1 0: 1 0A, 1 0B, 
10C) which are designed as dedicated for 
respective edge nodes; and 
one or more core node devices (12: 12A, 12B, 
12C, 12D) which are connected between said 
plurality of edge node devices via a transfer 
route and are designed as dedicated for 
respective core nodes; 

wherein said edge node device is connected 
only between an external terminal (14A, 14B, 
14C, 14D, 16A and/or 18), etc. and the core 
node device; and 

said core node device is connected only with 
both or one of said edge node device and 
another core node device, and has core node 
input/output ports for forwarding a transfer 
packet with the other core node device but 
does not have input/output ports for forwarding 
a transfer packet with an external terminal. 

28. The optical network system according to Claim 27, 
wherein the transfer packets are packets including 
a user packet and a control packet; and said edge 
node device (10) further comprises: 

input/output part (22C) having edge node 
input/output ports (2C3) for forwarding said 
transfer packet with said core node device; 
an edge node router (22A) which has input/out- 
put ports, decides the output destination of said 
transfer packet which was input from said 
input/output ports in accordance with the 
header information of layer 2 and layer 3 and 
outputs the output destination to said input/out- 
put part; and 

an edge node control function part (22B) which 
controls the decision of said output destination 
in said router for said user packet which was 
input according to the instruction of said control 
packet which was input; 



and said core node device (12) further com- 
prises: 

an optical cross-connect (2C) which has code 
node input/output ports (2C3) for forwarding 
5 said transfer packet with said edge node device 

and with said other core node devices, and 
sets an optical path between said core node 
input/output ports; 

a cord node router (32A) which outputs an out- 
w put destination of a transfer packet which was 

input from said core node input/output ports 
according to the header information of layer 2 
and layer 3, and outputs the output destination 
to said core node input/output part; and 
is a core node control function part (32B) which 

decides said output destination in said core 
node router for said user packet which was 
input according to the instruction of said control 
packet which was input, and controls the 
20 switching of a connected pair of each input port 

and output port inside said optical cross-con- 
nect. 

29. The optical network system according to Claim 28, 
25 wherein said edge node control function part (22B) 
further comprises: 

a cut-through request packet processing part 
(22B2) which, when a user packet from the 
30 transmission origination edge node device is 

input, notifies open source information of the 
self edge node device as a cut-through request 
packet to the transmission origination edge 
node device; 

35 an optical path allocation request packet 

processing part (22B3) which, when a cut- 
through request packet is input from a destina- 
tion side edge node device, decides an opti- 
mum allocation of an optical path based on the 

40 open resource information written in said cut- 

through request packet, and notifies said allo- 
cation to said core node device and said desti- 
nation side edge node device as an optical 
path allocation request packet; and 

45 an edge node router control part (22B5) which, 

when a cut-through optical path is set in said 
core node device and said destination side 
edge node device, controls said edge node 
router so that the user packet is transferred via 

so said cut-through optical path; 

and said core node control function part (32B) 
further comprises: 

a cut-through request packet process part 
(32B2) which adds open resource information 
55 in the self core node device to the cut-through 

request packet which is received from an 
upstream side or is generated individually, and 
transfers it to the upstream side; 
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an optical path switching control part (32B4) 
which sets a cut-through optical path in said 
optical cross-connect according to the instruc- 
tion of said optical path allocation request 
packet notified by said edge node device; and 5 
a core node router control part (32B5) which, 
when a cut-through optical path is set in one of 
the core node devices and the destination side 
edge node device, controls said router so that 
the user packet is transferred via said cut- 10 
through optical path. 
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(54) Data channel reservation in optical burst-switched networks 



(57) The present invention provides a system and 
method for reserving data channels in an optical burst- 
switched network. A data channel (or a multiple of data 
channels) along an optical path in an optical burst- 
switched network is reserved by first transmitting a data 
channel reservation request from an electronic ingress 
edge router to a reservation termination node. Next, the 



data channel reservation request is processed at all 
nodes along the optical path, including the reservation 
termination node. A data channel reservation acknowl- 
edgement is then transmitted from the reservation ter- 
mination node to the electronic ingress edge router. Fi- 
nally, the data channel path is reserved once an initial 
burst(s) which contains a reserve data channel bit 
reaches the reservation termination node. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to op- 5 
tical network systems, and more particularly to a system 
and method for providing data chan nel reservation in an 
optical burst-switched network. 

BACKGROUND OF THE INVENTION 10 

[0002] Data traffic over networks, particularly the in- 
ternet, has increased dramatically over the past several 
years, and this trend will continue with the introduction 
of new services which require more bandwidth. The en- 1$ 
larged volume of internet traffic requires a network with 
high capacity routers capable of routing data packets 
with variable lengths. One option is the use of optical 
networks. However, current optical networks use only a 
small fraction of the bandwidth available on a single op- 20 
tical fiber. 

[0003] The emergence of dense-wavelength division 
multiplexing (DWDM) technology has helped to over- 
come the bandwidth problem encountered by current 
optical networks. A single DWDM optical fiber has the 25 
capability of carrying as much as ten (1 0) terabits of data 
per second. Different approaches advocating the use of 
optical technology in place of electronics in switching 
systems has been proposed, however the limitations of 
optical component technology has largely limited optical 30 
switching to facility management applications. One ap- 
proach called optical burst-switched networking at- 
tempts to make the best use of optical and electronic 
switching technologies. The electronics provides dy- 
namic control of system resources, assigning individual 35 
user data bursts to channels of a DWDM fiber. Optical 
technology is used to switch the user data channels en- 
tirely in the optical domain. 

[0004] One problem with switching user data chan- 
nels entirely in the optical domain is that it is difficult to *o 
setup a data channel path across an optical burst- 
switched network without wasting network resources 
such as transmission and switching capacity. Each data 
channel within an optical path can range from ten (10) 
Gbps to forty (40) Gbps and the roundtrip delay of an 45 
optical path is very long when using conventional sign- 
aling approaches. Thus, setting up an optical path with 
bandwidth of one or more data channels in an optical 
burst-switched network takes a long time and wastes a 
huge amount of bandwidth. If the connection time is not so 
sufficiently long, the bandwidth wasted may not be well 
justified. 

[0005] Another problem with optical burst-switched 
networks relates to data channel scheduling. Schedul- 
ers within switch control units of core routers in the op- 55 
tical burst-switched network are responsible for sched- 
uling burst payloads and their corresponding burst , 
header packets on data channel groups (DCG) and con- 



trol channel groups (CCG), respectively. A burst header 
packet has to be processed in the switch control unit as 
quickly as possible, thus the scheduling algorithm must 
be simple and fast. 

[0006] One prior art scheduling algorithm is the Latest 
Available Unscheduled Channel (LAUC) algorithm , al- 
so known as the Horizon algorithm. In the LAUC algo- 
rithm, only one value, the future available/unscheduled 
time, is remembered for each data channel. However, 
the LAUC algorithm results in high burst loss ratio and 
thus low channel utilization due to the gaps/voids be- 
tween bursts. Other more sophisticated scheduling al- 
gorithms usually lead to less burst loss ratio, but their 
implementation are very difficult since the scheduler has 
to work at a very high speed (e.g., about 100 nanosec- 
onds per burst). Thus, a simple and fast scheduling al- 
gorithm is needed to reduce the burden of schedulers 
in optical burst-switched networks and to improve the 
performance of data channel scheduling. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides an optical 
burst-switched network that substantially eliminates or 
reduces disadvantages and problems associated with 
previously developed optical burst-switched networks 
used for switching data channels. 
[0008] More specifically, the present invention pro- 
vides a system and method for reserving data channels 
in an optical burst-switched network. A data channel 
along an optical path in an optical burst-switched net- 
work is reserved by first transmitting a data channel res- 
ervation request from an electronic ingress edge router 
to a reservation termination node. Next, the data chan- 
nel reservation request is processed at the reservation 
termination node. A data channel reservation acknowl- 
edgement is then transmitted from the reservation ter- 
mination node to the electronic ingress edge router. Fi- 
nally, the data channel path is reserved once an initial 
burst(s) which contains a reserve data channel bit 
reaches the reservation termination node. 
[0009] The present invention provides an important 
technical advantage by providing a mechanism to use 
"cross connect" in the optical burst-switched network 
whenever possible without losing the efficiency and flex- 
ibility of burst switching. 

[0010] The present invention provides another tech- 
nical advantage by avoiding unnecessary hop-by-hop 
burst scheduling. 

[0011] The present invention provides yet another 
technical advantage by reducing'the load on schedulers 
of switch control units in optical core routers. 
[0012] The present invention provides yet another 
technical advantage by reducing the gaps/voids be- 
tween bursts transmitted on the reserved data channels, 
which in turn increases the data channel utilization. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] For a more complete understanding of the 
present invention and the advantages thereof, refer- 
ence is now made to the following description taken in 
conjunction with the accompanying drawings in which 
like reference numerals indicate like features and 
wherein: 

FIGURE 1 shows an optical burst-switched network 
according to the present invention; 
FIGURE 2 shows a more detailed example of an 
optical burst-switched network according to the 
present invention; 

FIGURE 3 shows a functional block diagram of an 
electronic edge router according to the present in- 
vention; 

FIGURE 4 shows one example of the forwarding in- 
formation base at an electronic edge router accord- 
ing to the present invention; 
FIGURE 5 shows a functional block diagram of an 
optical core router according to the present inven- 
tion; 

FIGURE 6 shows one example of the label informa- 
tion base at an optical core router according to the 
present invention; 

FIGURE 7 shows an example depicting the data 
channel path set up according to the present inven- 
tion; 

FIGURE 8 shows an example of the channel infor- 
mation base at optical core router C4; 
FIGURE 9 shows an example of the channel infor- 
mation base at optical core router C1 ; and 
FIGU RE 1 0 shows an example depicting the thresh- 
old of a new queue for a reserved data channel. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] Preferred embodiments of the present inven- 
tion are illustrated in the FIGURES, like numerals being 
used to refer to like and corresponding parts of the var- 
ious drawings. 

[0015] FIGURE 1 shows one example of an optical 
burst-switched network 1 00. The optical burst switched 
network includes multiple electronic ingress edge rout- 
ers 105, multiple optical core routers 110, multiple elec- 
tronic egress edge routers 115, and multiple dense- 
wavelength division multiplexing (DWDM) optical links 
1 20. The DWDM optical links 1 20 connect the electronic 
ingress edge routers 105, the optical core routers 110, 
and the electronic egress edge routers 115 together. 
The electronic ingress edge routers 105 and the elec- 
tronic egress edge routers 1 1 5 perform burst assembly/ 
disassembly functions and serve as legacy interfaces 
between the optical burst-switched network 100 and 
conventional electronic routers. Note that, although 
electronic ingress edge router and electronic egress 
edge router are logically distinguished in FIGURE 1, 



both functions are often physically combined in a single 
physical edge router device. 

[0016] A burst, the basic data block to be transferred 
through the optical burst-switched network, is a collec- 

5 tion of data packets which have the same destination 
(network egress address) or destinations and other at- 
tributes such as quality of service (QoS) requirements. 
A burst consists of a burst header packet (BHP) and a 
burst payload. The format of the burst header packet 

10 may consists of an Internet protocol (IP) header (e.g., 
IPv4, IPv6) or a multi- protocol label switching (MPLS) 
shim header if MPLS is used or both, together with the 
optical burst switching specific information which will be 
used by switch control units to route bursts and by elec- 
ts tronic egress edge routers 115 to receive bursts. 

[0017] FIGURE 2 shows a more detailed example of 
the optical burst-switched network 100. Each DWDM 
optical link 1 20 can have many data channels 205. Each 
data channel 205 carries a single wavelength X Without 

20 loss of generality, in FIGURE 2, assume here that all 
data channels 205 have the same transmission capacity 
which equals ft bits per second (bps). Packets are as- 
sembled into bursts at electronic ingress edge routers 
105 according to a burst assembly mechanism. The 

25 bursts are then forwarded at layer 3 or switched at layer 
2 (if a MPLS type label switching mechanism is used) 
through the optical burst-switched network 1 00 to their 
electronic egress edge routers 1 1 5. A burst flow can be 
defined as a set of bursts which have the same elec- 

30 tronic ingress edge router 105, follow the same path, 
and are destined to the same reservation termination 
node (RTN). The RTN can either be an electronic egress 
edge router 115 or an optical core router 110. A more 
strict definition of a burst flow requires that the bursts 

35 have the same or similar attributes like quality of service 
(QOS). 

[0018] FIGURE 3 shows a functional block diagram 
of an electronic edge router 300 according to the present 
invention. The electronic edge router 300 can consist of 

to both an electronic ingress edge router 1 05 and an elec- 
tronic egress edge router 115. The electronic edge rout- 
er 300 includes a routing processor 305, a fiber and 
channel database 31 0, a signaling processor 31 5, a da- 
ta channel path (DCP) management module 320, a 

45 burst flow monitoring module 325, a scheduler 330, a 
routing information base (RIB) 335, a forwarding infor- 
mation base (FIB) 340, and input and output ports 355. 
The scheduler 330 contains a channel information base 
(CIB) 350. 

so [0019] The routing processor 305 transmits to and re- 
ceives network information from neighboring communi- 
cation devices through the input and output ports 355. 
The neighboring communication devices can be anoth- 
er electronic edge router 300, optical core router 110, or 

55 other communication devices. The routing processor 
305 runs the routing protocols (some are optical burst 
switching specific), exchanges information with neigh- 
boring communication devices, and updates the RIB 
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335 and FIB 340. The RIB 335 contains all the neces- 
sary routing information for the network. The RIB infor- 
mation constantly changes and Is updated with current 
network routing information through the routing proces- 
sor 305. The FIB 340 contains next hop (i.e. outbound 
DCG) information for arriving bursts. The next hop could 
either be an electronic egress edge router 115 or an op- 
tical core router 110. The FIB 340 is created and main- 
tained by the routing processor 305 using the RIB 335. 
[0020] When using a label-swapping technique like 
the MPLS, an additional column is added to the FIB 340 
which is used to assign a label for each outgoing burst. 
An example of the FIB 340 is shown in FIGURE 4. Note 
that only relevant information to the current invention is 
shown in FIGURE 4, which is also the case for other 
figures. The fiber and channel database 310 receives 
and stores network information from the routing proces- 
sor 305 and the signaling processor 315. This network 
information includes (1) the inbound and outbound fib- 
ers and the wavelengths within each fiber; (2) the in- 
bound and outbound data channel groups, control chan- 
nel groups, and channels within each group; (3) the 
mapping of data channel groups, control channel 
groups, and channels within each group to the physical 
fibers and wavelengths; and (4) the status of each in- 
bound/outbound data channel 205. The data channels 
205 can be in one of three possible states. The three 
states are the unreserved state, the reservation in 
progress state, and the reserved state. When a data 
channel 205 is in the unreserved state, the burst flow is 
being scheduled on the data channel 205 in the normal 
way. When a data channel 205 is in the reservation in 
progress state, the data channel 205 is reserved, but 
not committed. This means that the data channel 205 
will still be used in the normal fashion (i.e., as an unre- 
served data channel). Thus, no data channel 205 band- 
width is wasted. A "0" is placed in the CIB 350 under the 
status field to represent the reservation in progress 
state. When a data channel 205 is in the reserved state, 
this means that the data channel 205 is committed and 
bursts cannot be scheduled on the reserved data chan- 
nel 205 in the normal fashion. 
[0021] The signaling processor 315 also transmits to 
and receives network information from neighboring 
communication devices through input and output ports 
355. The burst flow monitoring module 325 monitors the 
burst flow to optical core routers 110 and electronic 
egress edge routers 115 and informs the signaling proc- 
essor 315 when the average bit rate of a flow of bursts 
exceeds or drops below a given threshold. The thresh- 
old is defined here as a bit rate which is no less than a 
data channel bit rate. If the bit rate of a flow of bursts 
exceeds the given threshold, the data channel 205 can 
be reserved. If the bit rate of a flow of bursts drops below 
the given threshold, part of the reserved data channel 
205 is not being used, thus reservation of the reserved 
data channel 205 will be terminated. 
[0022] The DCP management module 320 transmits 



and receives information to and from the signaling proc- 
essor 31 5. The purpose of the DCP management mod- 
ule 320 is to keep track of all the data channel 205 paths 
either already reserved or in the process of being re- 

5 served. The scheduler 330 also transmits and receives 
information to and from the signaling processor 315. 
The purpose of the scheduler 330 is to schedule the 
transmission of bursts and their associated burst header 
packets on data channel groups and control channel 

10 groups, respectively. There can be a scheduler 330 for 
a pair of data channel group and control channel group, 
or a set of data/control channel group pairs. Without loss 
of generality, FIGURE 3 shows one scheduler 330 per 
data/control channel group pair. 

15 [0023] The channel information base 350 in the 
scheduler 330 contains a subset of the fiber and channel 
database 31 0. This subset can include all inbound data 
channel groups, the outbound data channel groups and 
control channel groups, and the mapping to (physical) 

20 fibers and wavelengths. The outbound data channels 
205 are divided into two subgroups. The two subgroups 
include (1) unreserved and reservation in progress data 
channels and (2) reserved data channels. Data chan- 
nels 205 which are in the reservation in progress state 

25 operate exactly the same as data channels which are in 
the unreserved state. The use of reservation in progress 
outbound data channels is the same as unreserved out- 
bound data channels. In addition, the channel informa- 
tion base 350 maintains a table for the reserved inbound 

30 and outbound data channels 205. 

[0024] FIGURE 5 shows a functional block diagram 
of an optical core router 110 according to the present 
invention. The optical core router 110 includes a routing 
processor 505, a fiber and channel database 51 0, a sig- 

35 naling processor 51 5, a data channel path (DCP) man- 
agement module 520, a routing information base (RIB) 
525, a switch control unit (SCU) 530 and input and out- 
put ports 555. The SCU includes a forwarding informa- 
tion base (FIB) 540, a label information base (LIB) 545, 

40 and a scheduler 535. The scheduler 530 contains a 
channel information base (CIB) 550. 
[0025] The routing processor 505 transmits to and re- 
ceives network information from neighboring communi- 
cation devices through the input and output ports 555. 

45 The neighboring communication devices can be anoth- 
er electronic edge router 300, optical core router 1 1 0, or 
other communication devices. The routing processor 
505 runs the routing protocols (some are optical burst 
switching specific), exchanges information with neigh- 

50 boring communication devices, and updates the RIB 
525, FIB 540, and LIB 545. The RIB 525 contains all the 
necessary routing information for the network. The rout- 
ing information base constantly changes and is updated 
with current network routing information through the 

55 routing processor 505. The FIB 540 contains next hop 
(i.e. outbound DCG) information for arriving bursts. The 
next hop could either be an electronic egress edge rout- 
er 115 or an optical core router 110. The FIB 540 is cre- 
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ated and maintained by the routing processor 505 using 
the RIB 525. The LIB 545 Is established when a label- 
swapping technique like the MPLS is used to switch 
bursts at layer 2. Shown in FIGURE 6 is an example of 
the LIB 545. 5 
[0026] The fiber and channel database 51 0 receives 
and stores network information from the routing proces- 
sor 505 and the signaling processor 51 5. This network 
information includes (1) the inbound and outbound fib- 
ers and the wavelengths within each fiber; (2) the in- 
bound and outbound data channel groups, control chan- 
nel groups, and channels within each group; (3) the 
mapping of data channel groups, control channel 
groups, and channels within each group to the physical 
fibers and wavelengths; and (4) the status of each in- 
bound/outbound data channel 205. Again, the data 
channels 205 can be in one of three possible states. The 
three states are the unreserved state, the reservation in 
progress state, and the reserved state. When a data 
channel 205 is in the unreserved state, the burst flow is 
being scheduled on a data channel 205 in the normal 
way. When a data channel 205 is in the reservation in 
progress state, the data channel 205 is reserved, but 
not committed. This means that the data channel 205 
will still be used in the normal fashion (i.e., as an unre- 
served data channel) Thus, no data channel 205 band- 
width is wasted. A "0" is placed in the CIB 550 under the 
status field to represent the reservation in progress 
state. When a data channel 205 is in the reserved state, 
this means that the data channel 205 is committed and 
bursts cannot be scheduled on the reserved data chan- 
nel 205 in the normal fashion. 
[0027] The signaling processor 51 5 also transmits to 
and receives network information from neighboring 
communication devices through input and output ports 
555. The DCP management module 520 transmits and 
receives information to and from the signaling processor 
51 5. The purpose of the DCP management module 520 
is to keep track of all the data channel paths either al- 
ready reserved or in the process of being reserved. The 
scheduler 535 also transmits and receives information 
to and from the signaling processor 515. The purpose 
of the scheduler 535 is to schedule the transmission of 
bursts and their associated burst header packets on da- 
ta channel groups and control channel groups, respec- 
tively. The scheduler 535 at the optical core router 110 
schedules the switching of bursts from the inbound data 
channel groups to the outbound data channel groups 
and the transmission of the associated burst header 
packets on the outbound control channel groups. There 
can be a scheduler 535 for a pair of data channel group 
and control channel group, or a set of data/control chan- 
nel group pairs. Without loss of generality, FIGURE 5 
shows one scheduler 535 per data/control channel 
group pair. 

[0028] The channel information base 550 in the 
scheduler 535 contains a subset of the fiber and channel 
database 51 0. This subset can include all inbound data 



channel groups, the outbound data channel groups and 
control channel groups, and the mapping to (physical) 
fibers and wavelengths. The outbound data channels 
are divided into two subgroups. The two subgroups in- 
clude (1) unreserved and reservation in progress data 
channels and (2) reserved data channels. Data chan- 
nels 205 which are in the reservation in progress state 
operate exactly the same as data channels which are in 
the unreserved state. In addition, the channel informa- 
tion base 550 maintains a table for the reserved inbound 
and outbound data channels 205 (see FIGURE 9). 
[0029] Referring back to FIGURE 2, a burst can only 
be transmitted at the bit rate of a data channel 205, al- 
though the total transmission capacity of a DWDM op- 
tical link 120 is much larger than that of a single data 
channel 205. If the average bit rate of a flow of bursts 
from an electronic ingress edge router 105 to an elec- 
tronic egress edge router 115 is identified to be larger 
than a data channel rate, at least one data channel 205 
could be reserved on the path between the electronic 
ingress edge router 1 05 to the electronic egress edge 
router 115, either via default route or explicit route. By 
doing so, gaps/voids could be largely eliminated on the 
reserved data channels 205 along the path right from 
the electronic ingress edge router 1 05. Furthermore, the 
load of the corresponding schedulers is reduced as no 
scheduling needs to be done for a reserved data chan- 
nel 205, except updating the data channel 205 unsched- 
uled (or future available) time. Traffic flow that cannot 
be accommodated by the reserved data channel 205 
path can be forwarded hop-by-hop to the electronic 
egress edge router 115 as before. This methodology is 
not limited to an electronic ingress edge router 1 05 and 
electrocnic egress edge router 115 pair. It can also be 
extended to any pair of electronic ingress edge router 
105 and optical core routers 110 in the optical burst- 
switched network 100. 

[0030] In FIGURE 2, assume that the average bit rate 
X of a burst flow from electronic ingress edge router E-, 
to a RTN, say optical core router C 4 , is detected by the 
burst flow monitoring module 325 to be R+& bps where 
A>0. The burst flow monitoring module 325 will first no- 
tify the signaling processor 315. The electronic ingress 
edge router E 1 may then decide to reserve a data chan- 
nel 205 along a path for the flow so that.a large portion 
of the traffic (=^(fl+A)) will be transported via the re- 
served data channel 205. It is expected that gaps/voids 
on the reserved data channel 205 can be substantially 
reduced or even largely eliminated if A is sufficiently 
large or the fluctuation of the burst flow is small. To re- 
serve a data channel 205 path, the signaling processor 
315 first consults with the routing processor 305 for a 
route from the electronic ingress edge router E 1 to the 
optical core router C 4 . Suppose the route given by the 
routing processor 305 is E 1 -C 1 -C 2 -C 3 -C4, which could 
be an existing route used by the flow or a new route. 
[0031] To reserve a data channel 205 along the path, 
the signaling processor 315 at electronic ingress edge 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 122 971 A2 



10 



router E 1 first finds an unreserved outbound data chan- 
nel 205 connecting to the optical core router C 1( say X,-, 
from the fiber and channel database 310. It then sends 
out a Data-Channel-Reservation-Request (DCR-Re- 
quest) message 705 to optical core router C 1 , indicating 
that outbound data channel X/ will be reserved for the 
flow as shown in FIGURE 7. The status of X,is changed 
by the signaling processor 315 from unreserved to res- 
ervation in progress in the fiber and channel database 
310 as well as in the CIB 350. The DCR-Request mes- 
sage 705 contains the path information and the out- 
bound data channel identifier among others, e.g., (E 1t 
C n , C 2 , C 3 , C 4 , X/) in this case. The information carried 
by the DCR-Request message 705 will be stored in the 
DCP management module 320. 
[0032] The signaling processor 515 at optical router 
C t determines that the next hop is optical core router C 2 
from the received DCR-Request message 705 sent by 
electronic edge router E v It assigns an unreserved out- 
bound data channel 205, say Xy, to the burst flow and 
then sends the modified DCR-Request message 705 - 
(now with Xy) to the next optical core router C 2 . The sta- 
tus of X/ and Xy are changed by the signaling processor 
515 from the unreserved state to the reservation in 
progress state in the fiber and channel database 510 
and the status of Xyis also changed in the corresponding 
CIB 550 of optical core router C v The information car- 
ried by the DCR-Request message 705 will be stored in 
the DCP management module 520. It is assumed here 
that the error-free transmission of messages between 
two adjacent signaling processors is guaranteed by the 
lower layer protocols. 

[0033] The same procedure is repeated at optical 
core routers C 2 , C 3 and C 4 . Suppose outbound data 
channel X n of optical core router C 3 is chosen for the 
path (see FIGURE 7). At optical core router C 4 , the CIB 
550 simply records that inbound channel X n is in the sta- 
tus of reservation in progress (set by optical core router 
C 3 ) as shown in FIGURE 8, where status "1 " means the 
channels are reserved, "0" means the channels are in 
the reservation process, and symbol "-" means this op- 
tical core router C 4 is a RTN. Optical core router C 4 will 
send back a DCR-acknowledgement (DCR-ACK) mes- 
sage 710 to optical core router C 3 , which in turn goes 
through optical core routers C 2 , C 1( and finally reaches 
electronic ingress edge router E v Upon receiving the 
DCR-ACK message 710, a router (core 110 or edge 
1 05) in the path will create a new entry in the CIB of the 
scheduler, specifying that the inbound and outbound da- 
ta channels 205 are in the reservation process. An ex- 
ample of CIB 550 at optical core router C 1 is shown in 
FIGURE 9. FIGURE 9 shows a channel information 
base 550 table. The CIB 550 table shows the name of 
the DCG_in, G r Furthermore, the CIB 550 shows that 
channeljn has a wavelength of X x , channel_out has a 
wavelength of Xy, and the status of the data channel 205 
is "V\ which means the data channel 205 is reserved. 
The CIB 550 table in FIGURE 9 also shows another 



DCGjn, G s . The CIB 550 also shows that channeljn 
has a wavelength of X b channel_out has a wavelength 
of Xy, and the status of the data channel 205 is "0", which 
means the data channel reservation is in progress. The 
s initial data channel reservation process is now complet- 
ed. 

[0034] If no unreserved outbound data channel 205 is 
found or a router (core 1 1 0 or edge 1 1 5) in the path de- 
cides not to continue the path setup process, it will send 

10 back a negative DCR-acknowledgement (DCR-NAK) 
message 71 0 all the way to the electronic ingress edge 
router E v Thus, the attempt by the electronic ingress 
edge router E 1 to establish a reserved data channel 205 
path failed. To insure the error-free transmission and re- 

15 ceiving of signaling messages, the signaling processor 
(both 315 and 515) may be required to send back an 
acknowledgement (ACK) message to its upstream node 
when it receives a DCR-Request, DCR-ACK or DCR- 
NAK. Some time-out mechanism may be used to cope 

20 with possible loss of signaling messages. 

[0035] Electronic ingress edge router E t creates a 
new queue 1 005 after receiving the DCR-ACK 71 0 from 
optical core router as shown in FIGURE 1 0. This new 
queue 1005 is used to accommodate the flow bursts to 

25 be sent on the reserved data channel X^ To reduce or 
largely eliminate the gaps/voids between bursts sent on 
the reserved data channel 205, a threshold 7 is main- 
tained for the new queue 1 005, the value of which could 
be the traffic volume in bytes or the number of bursts in 

30 the new queue 1 005. Once the threshold y is exceeded, 
the burst flow will be directed to the common queue 
1 01 0 until the quantity in the new queue 1 005 is dropped 
below the threshold. A special bit in the burst header 
packet, called reserved data channel (RC) bit, is used 

35 to indicate whether a burst is transmitted on the re- 
served data channel 205. For bursts sent on the re- 
served data channel 205, their RC bit is set to 1 . 
[0036] The actual reservation of the data channels 
205 along the optical path is made by the first bursts of 

40 the burst flow sent from electronic ingress edge router 
E 1 on outbound data channel X/. For instance, upon re- 
ceiving the first BHP with RC=1 from data channel X h 
the scheduler 535 of optical core router will do the 
following: (1 ) reserve the outbound data channel Xy and 

45 configure the optical switching matrix to connect in- 
bound data channel X,to outbound data channel Xy when 
the first burst is switched; (2) update the status bit in the 
CIB 550 (see FIGURE 9) from 0 to 1 , indicating data 
channel X/ and data channel Xy are now reserved, (3) 

50 move data channel Xyfrom the unreserved and reserva- 
tion in progress channel subset to the reserved channel 
subset in the CIB 550, and (4) change the status of data 
channel X/ and data channel Xy from reservation in 
progress to reserved in the fiber and channel database 

55 510. At this point, all incoming bursts on data channel 
X,- with RC=1 will be switched to outbound data channel 
Xy, and no data channel 205 scheduling is need for data 
channel Xy. To prevent the potential loss of the first burst 
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of the flow at an optical core router 110 in the reserved 
data channel 205 path due to traffic congestion, this 
burst (with RC=1 ) may have higher priority in the sched- 
uler 535. 

[0037] The same procedure is repeated at optical 
core routers C 2 , C 3 , and C 4 . So when the first burst with 
RC=1 reaches optical core router C 4 , a reserved data 
channel path is established (see FIGURE 2), and rout- 
ers C 1t C 2 and C 3 need not perform any scheduling for 
the reserved data channels. At optical core router C 4 , 
bursts received on the reserved data channel path will 
have their RC bits reset to 0 by the scheduler 535 (op- 
tical core router C 4 is a RTN). Note that no bandwidth 
is wasted during the entire data channel reservation 
process as bursts are still forwarded or switched as be- 
fore during this period. Note also that BHPs are always 
forwarded or switched at the switch control unit (SCU) 
530 although data channels \ { and X y are cross-connect- 
ed. A CIB 550 table lookup is required for bursts re- 
ceived from reserved data channels. 
[0038] If an electronic ingress edge router 105 de- 
cides to terminate the reserved data channel path , either 
because the average rate of the burst flow is below fl+A 
or for other reasons, it simply sends a burst with an un- 
reserved channel bit RC=0 on outbound data channel 
Xj. After receiving one or more bursts with RC=0 on the 
reserved inbound data channel, an optical core router 
110 will terminate the reservation, update the CIB 550 
and the fiber and channel database 51 0 (e.g., removing 
the entry of data channels X, and Ay in the CIB 550 and 
moving them to the unreserved channel subset, if the 
optical core router is C^, and resume the normal for- 
warding and/or switching for new arriving bursts. The 
optical core router 110 will also send a confirmation 
message back to electronic' edge router E v Again, no 
bandwidth is wasted during the reservation termination 
process. 

[0039] To prevent malfunctions in the electronic in- 
gress edge routers 105 or optical core routers 110, a 
timer (not shown) is maintained in each router (1 05, 1 1 0 
or 115) along the path, which should be reset by a re- 
fresh message sent by the electronic ingress edge rout- 
er 105 before it expires. If the timer expires, the corre- 
sponding router will terminate the channel reservation 
and inform others routers. 

[0040] In general, if the average bit rate of the flow is 
m'R+A(m) where m is a no n negative integer, up to m 
data channel 205 paths could be reserved. These data 
channel 205 paths may follow the same route or differ- 
ent routes, but have the same RTN. The number of 
channels in a data channel 205 path could be more than 
one. The threshold y(m) now is a function of m. The 
above data channel reservation method is also valid if 
an electronic ingress edge router 1 05 has more than one 
RTN. 

[0041] The data channel reservation method of the 
present invention is flow-driven, initiated by ingress 
edge router on demand, protocol independent, and 



adaptive to the average bit rate of a flow of bursts. The 
data channel reservation method of the present inven- 
tion is also suitable for both loose and strict definitions 
of burst flows. A burst flow is loosely defined as a set of 

s bursts which have the same electronic ingress edge 
router 105, follow the same path, and are destined to 
the same reservation termination node (RTN). The strict 
definition of a burst flow requires that the bursts have 
the same or similar attributes like quality of service 

10 (QOS). The data channel reservation method can also 
be combined with a layer 2 protocol like MPLS to estab- 
lish a label switched path (LSP) with bandwidth reser- 
vation. Note that the above data channel reservation ap- 
proach is also suitable for establishing a path with cer- 

15 tain reserved bandwidth (of data channels 205) in the 
optical burst-switched network 1 00 even if the flow driv- 
en factor is not considered. 

[0042] In summary, the present invention provides a 
system and method for reserving data channels in an 

20 optical burst-switched network. A data channel (or a 
multiple of data channels) along an optical path in an 
optical burst-switched network is reserved by first trans- 
mitting a data channel reservation request from an elec- 
tronic ingress edge router to a reservation termination 

25 node. Next, the data channel reservation request is 
processed at all nodes along the path. A data channel 
reservation acknowledgement is then transmitted from 
the reservation termination node to the electronic in- 
gress edge router. Finally, the data channel path is re- 

30 served once an initial burst(s) which contains a reserve 
data channel bit reaches the reservation termination 
node. 

[0043] Although the present invention has been de- 
scribed in detail, it should be understood that various 
35 changes, substitutions and alterations can be made 
hereto without departing from the spirit and scope of the 
invention as described by the appended claims. 



40 Claims 

1 . A method for reserving a data channel along an op- 
tical path in an optical burst-switched network, com- 
prising the steps of: 

45 

transmitting a data channel reservation request 
from an electronic ingress edge router to a res- 
ervation termination node; 
processing said data channel reservation re- 
50 quest at said reservation termination node; 

transmitting a data channel reservation ac- 
knowledgement from said reservation termina- 
tion node to said electronic ingress edge router; 
and 

55 reserving said data channel once an initial burst 

comprising a reserve data channel bit reaches 
said reservation termination node. 
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2. The method of Claim 1 , further comprising the steps 
of: 

monitoring a burst flow bit rate; 

locating an unreserved data channel between 

said electronic ingress edge router and said 

reservation termination node when said flow of 

bursts exceeds a threshold bit rate; 

creating a new queue in said electronic ingress 

edge router for accommodating said flow of 

bursts to be transmitted on said data channel; 

and 

returning a negative data channel request ac- 
knowledgement from a core router or said res- 
ervation termination node along said optical 
path to said ingress edge router if there is no 
said unreserved data channel available be- 
tween said core router and said reservation ter- 
mination node. 

3. The method of Claim 1 , wherein a plurality of data 
channels are reserved along said optical path in 
said optical burst-switched network. 

4. The method of Claim 1 , wherein said reservation 
termination node can either be an egress edge rout- 
er or an optical core router. 

5. The method of Claim 4, wherein said data channel 
reservation request is transmitted from said optical 
core router to said reservation termination node. 

6. The method of Claim 4, wherein a plurality of said 
optical core routers can be between said electronic 
ingress edge router and said reservation termina- 
tion node. 

7. The method of Claim 6, wherein said data channel 
reservation request is processed at each optical 
core router between said electronic ingress edge 
router and said reservation termination node. 

8. The method of Claim 4, wherein said electronic 
edge router comprises: 

a plurality of input/output ports; 
a first routing processor operable to transmit 
and receive optical burst-switched network in- 
formation from neighboring communication de- 
vices through said input/output ports; 
a first signaling processor operable to transmit 
and receive optical burst-switched network in- 
formation from neighboring communication de- 
vices through said input/output ports; 
a first fiber and channel database for receiving 
and storing optical burst-switched network in- 
formation from said routing processor and said 
signaling processor; 



a first data channel path management module 
operable to monitor all data channel paths 
which are already reserved or in the process of 
being reserved; 

5 a burst flow monitoring module operable to 

monitor the burst flow between said electronic 
ingress edge router and said reservation termi- 
nation node and inform said signaling proces- 
sor when the burst flow rate exceeds or drops 

10 below a given threshold; 

a first scheduler operable to schedule the trans- 
mission of bursts on data channel groups and 
their associated burst header packets on con- 
trol channel groups; 

15 a first routing information base for storing all 

necessary optical burst-switched network rout- 
ing information for said optical burst-switched 
network; and 

a first forwarding information base for storing 
20 next hop information for arriving bursts. 

9. The method of Claim 8, wherein said next hop can 
either be said electronic egress edge router or said 
optical core router 

25 

10. The method of Claim 8, further comprising the step 
of updating said first routing information base and 
first forwarding information base in said electronic 
edge router with information on changes in network 

30 status received at said electronic edge router. 

1 1 . The method of Claim 8, wherein said network infor- 
mation stored in said first fiber and channel data- 
base includes inbound and outbound fibers, wave- 
rs lengths within each said inbound and outbound fib- 
ers, inbound and outbound data and control chan- 
nel groups, channels within each said data and 
channel control groups, mapping of said data and 
control channel groups, said channels to said fibers 

40 and wavelengths, and the status of each said in- 
bound and said outbound data channel. 

12. The method of Claim 11 , wherein said first sched- 
uler comprises a first channel information base, 

45 said first channel information base operable to store 
a subset of said information stored in said first fiber 
and channel data base. 

13. The method of claim 1 , wherein said optical core 
so router comprises: 

a plurality of input/output ports; 
a second routing processor operable to trans- 
mit and receive optical burst-switched network 
55 information from neighboring communication 

devices through said input/output ports; 
a second signaling processor operable to trans- 
mit and receive optical burst-switched network 
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information from neighboring communication 
devices through said input/output ports; 
a second fiber and channel database for receiv- 
ing and storing optical burst-switched network 
information from said routing processor and 
said signaling processor; 
a second data channel path management mod- 
ule operable to monitor all data channel paths 
which are already reserved or in the process of 
being reserved; 

a second routing information base for storing 
all necessary routing information for said opti- 
cal burst-switched network; and 
a switch control unit operable to configure an 
optical switching matrix to switch said bursts 
through said optical burst switched network. 

14. The method of Claim 13, wherein said switch con- 
trol unit comprises: 

a second scheduler operable to schedule the 
transmission of bursts and their associated 
burst header packets on data and control chan- 
nel groups, respectively; 
a second forwarding information base for stor- 
ing next hop information for arriving bursts; and 
a first label information base for storing label- 
swapping information. 

15. The method of Claim 14, wherefn said second 
scheduler comprises a second channel information 
base, said second channel information base oper- 
able to store a subset of said information stored in 
said second fiber and channel data base. 

16. The method of Claim 2, wherein said unreserved 
data channel can be located either by default route 
or by explicit route. 

17. The method of Claim 1 , wherein said data channel 
can be in one of three possible states including an 
unreserved state, a reservation in progress state, 
or a reserved state. 

18. A method for terminating a reserved data channel 
in an optical burst-switched network, comprising the 
steps of: 

transmitting a burst with a burst header packet 
comprising an unreserved data channel bit 
from an electronic ingress edge router to a res- 
ervation termination node along a reserved da- 
ta channel path; 

processing said unreserved data channel bit at 
said reservation termination node; 
transmitting a confirmation message from said 
reservation termination node to said electronic 
ingress edge router confirming that the reser- 



vation of said reserved data channel is termi- 
nated. 

19. The method of Claim 18, wherein said reservation 
5 termination node can either be an egress edge rout- 
er or an optical core router. 

20. The method of Claim 18, wherein said burst with a 
burst header packet comprising an unreserved data 

10 channel bit is transmitted from said optical core 
router to said reservation termination node. 

21 . The method of Claim 1 8, wherein a plurality of said 
optical core routers are between said electronic in- 

15 gress edge router and said reservation termination 
node. 

22. The method of Claim 21 , wherein said data channel 
reservation request is processed at each optical 

20 core router between said electronic ingress edge 
router and said reservation termination node. 

23. The method of Claim 1 9, wherein said electronic in- 
gress edge router and said electronic egress edge 

25 router both comprise: 

a plurality of input/output ports; 
a first routing processor operable to transmit 
and receive optical burst-switched network in- 
30 formation from neighboring communication de- 

vices through said input/output ports; 
a first signaling processor operable to transmit 
and receive optical burst-switched network in- 
formation from neighboring communication de- 
35 vices through said input/output ports; 

a first fiber and channel database for receiving 
and storing optical burst-switched network in- 
formation from said routing processor and said 
signaling processor; 
40 a first data channel path management module 

operable to monitor all data channel paths 
which are already reserved or in the process of 
being reserved; 

a burst flow monitoring module operable to 
45 monitor the burst flow between said electronic 

ingress edge router and said reservation termi- 
nation node and inform said signaling proces- 
sor when the burst flow rate exceeds or drops 
below a given threshold; 
50 a first scheduler operable to schedule the trans- 

mission of bursts on data channel groups and 
their associated burst header packets on con- 
trol channel groups; 

a first routing information base for storing all 
55 necessary optical burst-switched network rout- 

ing information for said optical burst-switched 
network; 

a first forwarding information base for storing 
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next hop information for arriving bursts. 

24. The method of Claim 23, wherein said first sched- 
uler comprises a first channel information base. 

25. The method of claim 19, wherein said optical core 
router comprises: 

a plurality of input/output ports; 
a second routing processor operable to trans- 
mit and receive optical burst-switched network 
information from neighboring communication 
devices through said input/output ports; 
a second signaling processor operable to trans- 
mit and receive optical burst-switched network 
information from neighboring communication 
devices through said input/output ports; 
a second fiber and channel database for receiv- 
ing and storing optical burst-switched network 
information from said routing processor and 
said signaling processor; 
a second data channel path management mod- 
ule operable to monitor all data channel paths 
which are already reserved or in the process of 
being reserved; 

a second routing information base for storing 
all necessary routing information for said opti- 
cal burst-switched network; and 
a switch control unit operable to configure an 
optical switching matrix to switch said bursts 
through said optical burst switched network. 

26. The method of Claim 25, wherein said switch con- 
trol unit comprises: 

a second scheduler operable to schedule the 
transmission of bursts on data control groups 
and burst header packets on control channel 
groups; 

a second forwarding information base for stor- 
ing next hop information for arriving bursts; and 
a first label information base for storing label- 
swapping information. 

27. The method of Claim 26, wherein said second 
scheduler comprises a second channel information 
base. 

28. A system for reserving a data channel along an op- 
tical path in an optical burst-switched network, com- 
prising: 

an electronic ingress edge router operable to 
transmit a data channel reservation request; 
and 

a reservation termination node operable to re- 
ceive and process said data channel reserva- 
tion request, transmit a data channel reserva- 



tion acknowledgement back to said electronic 
ingress edge router, and receive an initial burst 
comprising a reserve data channel bit complet- 
ing the reservation processes. 

5 

29. The system of Claim 28, where a plurality of data 
channels are reserved along said optical path in 
said optical burst-switched network. 

10 30. The system of Claim 28, wherein said reservation 
termination node can either be an egress edge rout- 
er or an optical core router. 

31 . The system of Claim 30, wherein said data channel 
15 reservation request is transmitted from said optical 

core router to said reservation termination node. 

32. The system of Claim 30, wherein a plurality of said 
optical core routers can be between said electronic 

20 ingress edge router and said reservation termina- 
tion node. 

33. The system of Claim 30, wherein said electronic 
edge router comprises: 



25 

a plurality of input/output ports; 
a first routing processor operable to transmit 
and receive optical burst-switched network in- 
formation from neighboring communication de- 

30 vices through said input/output ports; 

a first signaling processor operable to transmit 
and receive optical burst-switched network in- 
formation from neighboring communication de- 
vices through said input/output ports; 

35 a first fiber and channel database for receiving 

and storing optical burst-switched network in- 
formation from said routing processor and said 
signaling processor; 

a first data channel path management module 
40 operable to monitor all data channel paths 

which are already reserved or in the process of 
being reserved; 

a burst flow monitoring module operable to 
monitor the burst flow between said electronic 

45 ingress edge router and said reservation termi- 

nation node and inform said signaling proces- 
sor when the burst flow rate exceeds or drops 
below a given threshold; 
a first scheduler operable to schedule the trans- 

50 mission of bursts on data channel groups and 

their associated burst header packets on con- 
trol channel groups; 

a first routing information base for storing all 
necessary optical burst-switched network rout- 
es ing information for said optical burst-switched 
network; and 

a first forwarding information base for storing 
next hop information for arriving bursts. 
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transmission of bursts and their associated 
burst header packets on data and control chan- 
nel groups, respectively; 
a second forwarding information base for stor- 
5 ing next hop information for arriving bursts; and 

a first label information base for storing label- 
swapping information. 

40. The system of Claim 39, wherein said second 
10 scheduler comprises a second channel information 
base, said second channel information base oper- 
able to store a subset of said information stored in 
said second fiber and channel data base. 



34. The system of Claim 33, wherein said next hop can 
either be said electronic egress edge router or said 
optical core router. 

35. The system of Claim 33, wherein said first routing 
information base and first forwarding information 
base in said electronic edge router are updated with 
information on changes in network status received 
at said electronic edge router. 

36. The system of Claim 33, wherein said network in- 
formation stored in said first fiber and channel da- 
tabase includes inbound and. outbound fibers, 
wavelengths within each said inbound and out- 
bound fibers, inbound and outbound data and con- 
trol channel groups, channels within each said data 
and channel control groups, mapping of said data 
and channel control groups, said channels to said 
fibers and wavelengths, and status of each said in- 
bound and said outbound data channel. 

37. The system of Claim 36, wherein said first schedul- 
er comprises a first channel information base, said 
first channel information base operable to store a 
subset of said information stored in said first fiber 
and channel data base. 

38. The system of claim 29, wherein said optical core 
router comprises: 

a plurality of input/output ports; 
a second routing processor operable to trans- 
mit and receive optical burst-switched network 
information from neighboring communication 
devices through said input/output ports; 
a second signaling processor operable to trans- 
mit and receive optical burst-switched network 
information from neighboring communication 
devices through said input/output ports; 
a second fiber and channel database for receiv- 
ing and storing optical burst-switched network 
information from said routing processor and 
said signaling processor; 
a second data channel path management mod- 
ule operable to monitor all data channel paths 
which are already reserved or in the process of 
being reserved; 

a second routing information base for storing 
all necessary routing information for said opti- 
cal burst-switched network; and 
a switch control unit operable to configure an 
optical switching matrix to switch said bursts 
through said optical burst switched network. 

39. The system of Claim 38, wherein said switch control 
unit comprises: 

a second scheduler operable to schedule the 



15 41 . The system of Claim 28, wherein said data channel 
can be in one of three possible states, including an 
unreserved state, a reservation in progress state, 
or a reserved state. 

20 42. A system for terminating a reserved data channel 
in an optical burst-switched network, comprising: 

an electronic ingress edge router operable to 
transmit a burst comprising an unreserved data 
channel bit from said electronic ingress edge 
router to a reservation termination node; and 
a reservation termination node operable to re- 
ceive said burst comprising said unreserved 
data channel bit, process said unreserved data 
channel bit, and transmit a confirmation mes- 
sage to said electronic ingress edge router con- 
firming that said reservation of said reserved 
data channel is terminated. 
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Figure 3: Relevant function blocks at an edge router. 
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Figure 4: Sample forwarding information base (FIB) at an edge router. 
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Figurc 5. Relevant function blocks at a core router. 
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Figure 6 : Sample label information base (LDB) at a core router. 
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Figure 5 Sample channel information base (CIB) at core router C 4 . 
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Figure *? Sample channel information base (CDB) at core router C,. 
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Figure /o . A new queue with some threshold for the reserved data channel. 
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